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PREFACE. 



This little work has been planned and executed under 
the conviction that whatever it is worth while to teach at 
all, it is worth while to teach thoroughly, and in a man- 
ner calculated to render the instruction practically useful 
to the student. 

The author vaunts not the ability to manufacture young 
philosophers by wholesale, in a definite number of weelcst 
or days ; nor is he emulous of the ephemeral popularity 
which often results from writing an " easy book :" but he 
believes it no difficult task to teach young persons gene- 
rally to reason philosophically, and to keep them inte- 
rested in the subject of their studies while acquiring that 
mental training which should ever be considered the great 
end of common education. He believes that the best way 
to teach others is, to follow the route by which the teacher 
has acquired his own knowledge ; because, by this means, 
his practical experience of the difficulties of the road be- 
comes available, and he enables others to escape a host of 
obstacles with which he has become familiar. For this 
reason, the scissors have been thrown aside, precisely at 
the moment when they are taken up by most who set 
about writing a school-book. 

The time and the labour of thought expended upon this 
volume would have been amply sufficient for the produc- 
tion of a whole series of "complete treatises" on all the 
physical sciences, executed according to the modem (asL- 
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ionable process of school-book makingy and it is much 
to be feared that the teacher himself will be obliged to 
read it through, before he will be entirely aware of all its 
contents, or perfectly informed as to the manner in which 
the subject matter is handled. 

It is written in plain English — much of it Saxon — and 
is at least free from the absurdity which always attends 
upon philosophy when mounted upon stilts. But, as it is 
always better to allow our children to " make their own 
way in the world,*' after having duly attended to their 
moral and intellectual training, the book may now be 
safely left to stand upon its merits before that public which 
is somewhat too experienced, wdthal, to place great con- 
fidence in high pretensions. 

The references, which the pupil will find essential to 
the proper understanding of the subject, are made to the 
numbers of the paragraphs, and not to those of the pages ; 
and the questions at the end of the work, refer each to the 
appropriate portions of the text. The intelligent teacher 
will amplify, of course, upon the queries, which, however, 
are purposely designed to compel intelligent answers, and 
to preclude entirely the parrot-like system of instruction. 
Familiar illustrations, scarcely numerable, may be found, 
and applied to almost every demonstration, and ample 
room is thus allowed for the exercise of the talent both 
of pupil and preceptor. 

The marked approval of the plan of instruction fol- 
lowed in the Physiology for Schools, from the same pen, 
leads to the belief that the application of this method to 
Natural Philosophy will not be less successful. 
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NATURAL PHILOSOPHY. 



CHAPTER I. 

PROPERTIES OF MATTER- 

INTRODUCTQRT REMARKS. 

1. The yoiing infant is placed in the midst of a creation 
offering thousands of objects of attention, all of which are 
capable of making an impression upon one or more of the 
five senses; and it is only through the operation of the 
senses that we can obtain any idea of these objects. 

2. When the child sees a brilliant object in the distance, 
instinct immediately prompts him to stretch out his hands to 
touch it. When first shown the moon on a clear night, he 
endeavours to seize it, and often weeps bitterly at his disap- 
pointment. But even this ineffectual efibrt is not without 
its usefulness. Finding that there is plenty of room on 
every side to allow of the free extennon of its arms, the 
child acquires an idea oi space. The abstract idea of space 
is so extremely simple, that the term neither requires nor 
admits of defimtion. 

3. The moment that a child is permitted to crawl through 
space until it is able to reach and freely examine any thing 
which attracts its attention, it becomes a natural philosopher. 
By examining a variety of objects in succession, it soon 
discovers that they all possess certain characters in common, 
and that some of them present certain other characters pecu- 
liar to themselves. Characters of the former class have been 
termed the general qualities or properties of things^ while 
those of the latter class are called special or peculiar quali' 
ties or properties. 

4. Let us suppose an infant to wander from the cradle 
until it reaches some article of furniture, — a table, for in- 
stance. It then finds its further progress arrested by a solid 
barrier, through which it cannot penetrate, though it may 
crawl around this barrier without restraint. It immediately 
perceives that this barrier occupies a portion of space, and 
has a certain ext^nt^ which the infant is already able to 
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measure. It very soon learns, also, that where the taUe ia^ 
nothing else can be at the tame l»me— and naturally con- 
cludes that there does exist something that po soea s eo the 
property of exclusively occuwfing space. The infant soon 
encounters other articles, such as the fender, the bureau, the 
walls of the apartment, &c., all of which oppose its f»x)gre8i 
in the same manner, though they differ very widely in ap- 
pearance, nature, and extent. The conclusion is irresistible. 
There are many things which possess the property of exdxh 
sively occupying space. Here, then, is a general property, 
common to a m^titude of things so different in other quali- 
ties that our little philosopher soon feels the want of a word 
or term which shall include all things possessing this property. 
The English word used for this purpose is matter; whidi, 
as defined by natural philosophers, is — thai which exclu- 
sively occupies space: and the property itself is called 
impenetrability, 

5. Besides eorfen^on— which, as applied to matter, con- 
sists simply in the occupation of space — and impenetror 
bility — by which is meant the exclusiveness of that occu- 
pancy — matter has several other general properties, that 
will be explained hereafter. 

6. In speaking of the variety of objects which attract the 
attention of an infant, I have termed them ^^ things.^ (3) 
But the word things has too many meanings to be safely 
used in teaching the first rudiments of natural philosophy. 
This term is really a modification of the word think, and 
signifies — that which we can think of. Now we can think 
of a multitude of things which have no material existence. 
Thus: Knowledge is a good thing , — but knowledge is not 
composed of matter. We must, therefore, find some more 
accurate term to signify such things as are composed of 
matter ; — and the word employed for this purpose by natural 
philosophers is — body. 

7. As the child grows older, experience teaches him that 
all the matter which he has been able to examine, is collected 
into bodies ; and in after life he arrives at the conclusion 
that the whole created universe of matter is but a collection 
of a multitude of bodies. 

8. The word body is a relative, rather than a positive 
term : That is : — It may be applied either to a single portion 
of matter viewed by itself, or to a number of portions of 
'Jtetter collected together in one object — one separate thing, 
^ stone, a rock, a man, a fly, — each of these things is a 
^^y: — but a vast niunber of stones, rocks, &c., are required 
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x> make up the warldy yet, when we apeak of the entire 
world as complete in itself, we may call it a body. The 
only reason why we cannot properly apply the term body 
to the whole material universe is, that the himian mind 
cannot conceive of any limit to the material universe ; and 
we are unable to comprehend anything complete in itself 
which has no known shape or figure. 

9. As the child grows older, he finds that not only his 
toys, but even walls themselves are subject to changes of 
position; — that the very ground on which they stand — the 
world and the heavenly bodies, and, in short, all material 
things are in continual motion ; — they are never absolutely 
at rest. From this, the conclusion is inevitable, that mo- 
biliiy is a general property of matter. 

10. Though the house and everjrthing in it is always mov- 
ing with the world on which it stands, the relative position 
of the various articles of furniture is not changed by this 
motion, and these articles are said to be relatively at rest. 
Our young philosopher finds that the chairs or fender will not 
change their place of their own accord, but that some ^orce 
is necessary to move them ; and his after experience teaches 
him that this also is a quality of all bodies without distinc- 
tion. He finds that when a ball of thread or spool of cot- 
ton is once put in motion by any force, the rounded body 
generally continues to roll until it reaches some impenetrable 
barrier. If the child attempts to stop its progress, he dis- 
covers that it is disposed to go on, and actually strikes a blow 
against the hand that opposes ity< Some force is necessary 
to arrest it. Later in life he learns a truth which often *i 
acts as a great stumbling-block to young beginners; — 
namely : that all bodiexy when once put in motion, would go on 
moving in the same direction for ever, unless bent from their 
course or brought to rest by the application of some force in 
opposition to them. A body in motion has no power to 
change its route or stop of itself. The property by which 
all bodies preserve their existing condition of motion or rest 
until that condition is changed by the application of force is 
termed {li^tiv * 

11. When a child first succeeds in breaking some of his 
playthings, he finds that divisibility is one of the pro- , 
parties of these bodies ; after experience teaches him that 
all other bodies are divisible in the same manner. No ma- 
terial thing so tough or so hard as to resist this law has ever 
been discovered. DiviidHlity is, therefore, one of the 
general properties of matter. 
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12. It is impossible to find any limit to the divisibility of 
matter. After having broken a body to pieces, we can griol^ 
it to powder so fine that the particles become invisible and 
may be blown away by the breath 3 and so long as a particle 
continues to be distinguishable by any of the senses it may 
be still further divided. 

13. Next among the important general properties of mat- 
ter is gravity, £very one knows that when a stone is hurled 
into the air, it rises more and more slowlv until it is brought 
relatively (10) to rest ; but the instant this is ejOfected, it com- 
mences falling toward the earth, and continues to fall fiuster 
and faster, imtil it is arrested by the ground, or some other 
impenetrable barrier. In climbing upon a tree, if a lad ven- 
ture far out upon a slender limb it bends or perhaps breaks; 
and the young experimenter finds himself subjected to the 
same accident as the stone. He is precipitated to the ground. 
When a body of considerable size is held in the hand, an 
effort is necessary to prevent it from falling also. These 
facts plainly show that stones, children and other heavy 
bodies, if left without support have a constant tendency to 
approach the earth, and that force or resistance is neces- 
sary to prevent their following this inclination. This ten- 
dency is in full action even while the body exerting it is 
rendered immovable by a solid support ; for if we attempt to 
raise a stone from the ground we find it necessary to apjdy 
to it at least as much force as is required to prevent it from 
falling after it is raised. Hence the stone presses the ground 
with as much force as the hand presses the stone. Clouds, 
balloons, &c., and light bodies when under water, furnish 
apparent exceptions to the rules just mentioned ; but we shall 
find, hereafter, that these bodies a^ have the same incli- 
nation to approach the ground, though prevented from dis- 
playing it because they are really supported by means which 
the young reader is not yet prepared to understand. 

14. The tendency of bodies to approach each other from a 
distance occasions imiumerable curious effects, not confined to 
the world in which we live ; and convenience requires some 
single word or term to express this tendency. The word 
employed for this purpose is gravity, 

15. The mind of man cannot conceive the occurrence 
/ of any event without a cuvse. Although no philosopher ' 
f Can explain why a stone falls to the ground, we are com- 

f Polled to believe that there is a cause of gravity : and as . 
' ^odies when gravitating appear to draw each other together 

^y a mutual action, the unknown cause of this class of events 

OB^ ' '•ailed the attraction of gravitation! 





INTEODUCTOBY 

16. The Earth is a large body, nearly globular, and about 
8000 miles in diameter, or about 24,000 miles in circumfe- 
rence. Mountains upon its surface are like grains of sand in 
proportion to its vast bulk, and little ponds or pools of quiet 
water which occur in all countries, present us with an 
abundance of smooth surfaces agreeing exactly with the 
general form of the globe, but, from their small size when 
compared with the vast magnitude of the earth, they may 
be conwdered, for all purposes of experiment, as perfectly 
level. They enable ua to judge with great accuracy the 
direction in which bodies near the a 
earth are drawn or attracted to- 
wards it by gravity. If we tie a 
heavy substance to the extremity 
of a slender thread, and let it haog 
freely from some fixed object, it b 
will soon settle by gravity into such 
a position that the direction of the 
string will be immediately towards 
the surface of standing water. This 
is found to be the case wherever the 
experiment is tried. Now, let Fig. "*• '■ 
1 represent the earth, and A, B, C_, and D, four observers, 
each holding the string and cord just described, which is 
called a plumb-line. These lines each tending directly 
toiwards the surface of the earth at the spot where the holder 
is placed, their several directions will be represented by the 
dotted lines in the figure. But all lines drawn directly 
towards the surface of a sphere, if continued, will meet at a 
certain spot within the sphere, as the four lines in the figure 
are seen to do. As the course of the plumb-line clearly 
marks the direction of gravity, it follows Ihat all bodies near 
the earth must gravitate towards this one spot, unless influ- 
enced by some olher force besides the general attraction of 
the earth. 

1 7. This fact in relation to the direction of terrestrial gravi- 
tation, t<^ether with the use of the plomb-line, enables uaUt^ 
prove that not only the whole earth, but each of its parts^ 
possesses the attraction of gravitation. 

IS. It is evident that the plumb-line points not only to 
the spot within the earth of which we have spoken, and 
which is called the centre of the earth, but also to that spot 
in the heavens which ia directly over head, and is called the 
zenith. As the stars appear to sweep onward in their path, 
many of them approach near to the zenith, and it is easy. 
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ionable process of school-book making, and it is much 
to be feared that the teacher himself will be obliged to 
read it through, before he will be entirely aware of all its 
contents, or perfectly informed as to the manner in which 
the subject matter is handled. 

It is written in plain English — much of it Saxon — and 
is at least free from the absurdity which always attends 
upon philosophy when mounted upon stilts. But, as it is 
always better to allow our children to '^ make their own 
way in the world,'' after having duly attended to their 
moral and intellectual training, the book may now be 
safely left to stand upon its merits before that public which 
is somewhat too experienced, withal, to place great con- 
fidence in high pretensions. 

The references, which the pupil will find essential to 
the proper understanding of the subject, are made to the 
numbers of the paragraphs, and not to those of the pages ; 
and the questions at the end of the work, refer each to the 
appropriate portions of the text. The intelligent teacher 
will amplify, of course, upon the queries, which, however, 
are purposely designed to compel inteUigent answers, and 
to preclude entirely the parrot-like system of instruction. 
Familiar illustrations, scarcely numerable, may be found, 
and applied to almost every demonstration, and ample 
room is thus allowed for the exercise of the talent both 
of pupil and preceptor. 

The marked approval of the plan of instruction fol- 
lowed in the Physiology for Schools, from the same pen, 
leads to the belief that the application of this method to 
Natural Philosophy will not be less successful. 
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moved or changed in position; 4. InerHa — (10) the ten- 
dency to remain in motion or at rest without change, except 
when acted upon by some force ; 5. ZhmsihUitff — (11, 12) 
the capacity to be separated into parts; and 6. Grarnhf^ 
which will be more thoroughly understood hereafter. 

EXTENSION. 

21. LimiU or Boundaries of Bodies, — The uniyeiseof 
matter is composed of a multitude of bodies (8), each oc- 
cupying a definite portion of space ; and there exists no ma* 
terial thing without limits or boundaries, which prescribe 
its form or shape. 

22. The boundaries and forms of bodies have their peculiar 
properties or relations, as well as the bodies themselves and 
the matter of which they are formed. As it is impossible to 
obtain any clear idea of the action of bodies on each other 
without some knowledge of these properties of forms and 
boundaries ] the pupil, if unacquainted with the principles of 
geometry, will be obliged to make himself familiar with a 
few of them before proceeding in his studies. 

23. Every one knows what we mean by the point of a 
pin or needle ; but a much clearer idea of the philosophical 
meaning of the term point is required by the pupil. Under 
a strong magnifying glass, the extremity of the most delicate 
needle looks rough and irregular: it occupies considerable 
space, and thus we find that even the " point^ of a needle 
does not " come to a point." But we can well conceive that 
if our art were sufficiently perfect, and the nature of mat- 
ter admitted of such an accomplishment, we might sharpen 
a needle "away to nothing." That nothing would be a 
pointy in the sense in which the word is used by natural 
philosophers. 

24. Supposing that we could make a needle perfectly 
sharp, its point would always preserve the same position in 
relation to the needle itself; but, as it would occupy no space, 
it could not be measured — it has no dimension. From these 
properties we derive the best definition which can be given 
of this important abstract idea of the mind. A point is that 
which has position, but no magnitvde. 

25. A point is not a property of matter, but of space ; and 
when we use the term in speaking of the boundaries of 
bodies, it has relation not to the bodies themselves, but to the 
portions of space which they occupy. Thus : the point of a 
needle is not the extremity of the needle itself, but the ex- 
tremity of the space which the needle happens to occupy. 
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Even if the needle should cease to exiEt, the space which it o 
cupied would still remain, and the terminalion of that epace 
would be a point. It is not so very wonderful, then, that a 
given portion of Bpace, — which has no material existence— 
should terminate in a point which is nothing. 

2i). As esamples, it is well to mention that the corneK of 
the space occupied by 8 chest or table, where several ddet 
meet, would be points, if the 
sides of these bodies were per- 
fectly smooth ; the exact mid- 
dle of a round and globular 
bcKiy or figure is a point. The 
spot marked 0, Fig, 4, re- 
presents a point, because it re- 
presents the middle of the 
figure, which is round. The 
middle of any distance between 
two bodies, such as the Sun and 
the Earth, is also a point. In p, 

fact, as a point is simply a posi- '* 

tion and takes up no room, points exist cverjrwhere. 

27. In common language the term line is applied to a cord, 
a driving rein, a rope, or anylhing that is long and nar- 
row ; but a much clearer idea of the philosophical meaii- 
ing of the word is ne- 
cessary for the students 
of philosophy. Supp 
that the wagon wheel 
represented in Fig. 5, is 
rolled straight forward 
along the road from A 
to B ; it is evident that 
the exact middle of the 
round space occupied 
by the wheel, which is 





ng.s. 



. point, (23) must n 



straight 
lirection as far as the distance from A to B. This distance 
and direction are represented by the long dots extending 
from the middle of the wheel in the first position to thai 
seen in the second position. The middle point of all ronnd 
or globular bodies is called the centre. The centre of the 
wlieel, then, while thus rolling is said to describe the straight 
line A, y. 

28. But it is very important that you should not mistake 
the dots that represent tke line for the line itself. The dots, 
however fine they may he made, are composed of matter and ^ 
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must therefore occupy space; but the point which devciiba 
the line is not compcned of matter, and occupies no ipac^— 
no width — and of course the line which it deacribei can hsye 
no width : it can occupy no space, — it can have no miterii] 
cxiiiti-nce, aiid possesses but one dimeojion — leuglh. 2 
existed in the same jiace, before the wheel deicribed it, tod 
must continue to eiist when the wheel is totally renrnved. 
It cxiiitcd on the paper before the figure was drawn, md 
would continue to exist if the figure were obliterated. Yon 
are now prepared to understand what is meant by the mathe- 
matical definition of this abEtraction of the mind. KUmu 
simply — length without breadth. 

2!). It is evident that the line A, B, may be extended or 
prodvccd in either directicm to any distance ; and, if vra 
lHki> the imagination for our guide, it may be conceived to 
extend for ever or lo infinity. The dots which represent i 
definite portion of it are bounded by the peper, but we miy 
follow it mentally, until it sweeps beyond the paths of the 
plani'ts, and, leaving the last visible star behind, buries itself 
in the immensity of space. Such portions of lines as wt 
arc able to measure are called definite lineM, to distinguith 
from the whole lines, which have no known limits, and are 
therefore colled indejimte. 

30. The line, like the point, is a property of space, and 
not of iiialter ; and when we use the word line in speaking 
of boundaries of bodies, it is in relation not to the bodiei 
themselves, but to the space which 

they occupy. If we suppose the 

edges of a boxA, B, C, D, Fig. 6, to 

he perfectly smooth, each edge will 

represent a definite line, and these 

lines will limit, in certain directions, 

the portion of space occupied by the 

box. Let the box be then removed 

to another place. It is plain that 

the same portion of space still exists, » 

and that it has the same dimensions. 

The lines A B, B C, &c., are not removed, but we have only 

carried the bra away from them to occupy another portion 

of space, bounded by other and similar lines. 

31. The habit of considering points and lines as things 
belonging to matter is the greatest cause of difficulty with 
young persons who are commencing any study cMmected 
with natural philosophy. 

32. A ttratgkt line it a line which everywhere purmeM 
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the same direction ; and a dejiidte ttraigkt line 
ukorUit disianee beltceen two poirUt : as A B, Fig. 5 ; but if 
the carriage to which the wheel represented in that figure 
is attached, be in the act of turning round upon the road 
while it is passing from A to B, the centre of the wheel 
will describe a line somewhat like that represented by tiie 
row of short dots in the figure. If you take any two points 
throughout the whole length of this line, you find that the 
tendency or direction at one of these points is different from 
that observed at the other. Such a line is called a eurped 

33. When the change of direction of a curved line follows 
any fix(?d law or rule, which will enable us always to draw 
a correct representation of the same or any similar line, the 
curved Une is usually called simply a curve, to distinguish 
it from a mere crooked line which we cannot describe in 
words. Let as take some examples. 

34i, Drive a pin into a board at some convenient spot ; 
as at A, Fig. 7 j tie a string into a little loop ; cast the 
loop over the pin; then take a second piu, and with it 
stretch the loop tight, in any direction; as towards B, 
in the figure. Now carry the second pin all around the 
first, still keeping the loop stretched, and make a mark oif 
the board by scratching as yon proceed. This marlt will 
represent the line described by the extremity of the moving 
pin, and this line will be curved. Its form is seen ia 
perspective in Fig. 7, and in 
direct view in Fig. i. In this 
case, the loop governs or gives 
law to the curved line ; for, it 

compels the extremity of the ^__ 

pin B to preserve at all times pi^ ,_ 

the game distance from the 

point of the pin A, Fig. 7. It follows, that all parts of 
this curved line are equidistant from the centre, and that all 
lines passing from the centre to the curve are equal to each 
other. Such curved lines are called eircU*. Here, theuj 
we have a property of the circle without which it cannot 
exist, and which cannot belong to anything else. Such a 
property fixes, determines, or governs most absolutely, the 
character of this curve ; it is therefore called a law. That' 
is : — we say it it a law of Ike circle that all lines drawn 
front the centre to Ike curve arc eqval to each other. • 

35. This word Late, as used by philosophers, generally 
conveys to beginners the idea of a written or spoken rule 
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for the govornment of thin^ instead of a mere short tem 
tliat we apply to any particular daas of £ict8 in nature, 
which we find to be always true. A very few illufltratioii 
will remove this error. In the last section you were tdd 
that all bodies had a tendency to approach each other, and 
that this tendency was called gravity (14). Gravity, then, 
is a principle regulating matter — ^it is a property of matter— 
a law of matter. We know that any body, if put in motion, 
will continue to move on in a straight line, unless bent in its 
path or stopped by force, (10) This is 9l principle regulating 
motion — it is a property of matter in motion — it is a2a» 
of motion. It must never be forgotten that, in philosophj, 
the words principle, property, and law are used to exprea 
exactly the same thing. William's eyes are gray — it is a 
principle in his constitution: Mary's are blue-— it is a 
property of hers: James is blind — it is a law of his 
organization : all men have eyes — this is a property or law 
of human nature. 

36. The word circle is used not only to signify the 
regular curved line described, but also, and even more com- 
monly, to signify the space inr 
closed within the line. When 
the word is used in the latter 
sense, the curve itself is called 
the circumference of the circle. 
Any line passing from the centre 
to the circumference, such as the ^»f- 8. 

line from the pin A to the pin B, Fig. 7, is called a radita. 
Any line passing through the centre, to the circumference 
in both directions, is called a diameter^ or the diameter^ 
which, of course, is equal to two radii. 

37. If, instead of the first pin in the last experiment, we 
take two, and drive them into the board as representdi in 
Fig. 8, 9, and then throw a simi- ^ 
lar loop of thread over both pins, 
we may take a third pin, C, and 
by carrying it round the others, 
still keeping the loop upon the 
stretch, may scratch another kind 
of regular curve, such as that seen 
in perspective in Fig. 8, and di- ° 

rectly, in Fig. 9. A curve of this *''«• *• 

nature is called an ellipse. The two points, A and B, 
where the fixed pins enter the board, are called the foci. 
Now this is a law of the ellipse :-r-Take any two points in 
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the curve, such as G and C, Pig. 9, and draw lines from 
each /ocu« to each of theae points; and the two lines drawn 
to the one point are exactly equal to the two lines drawn to 
the other point : — that is to say : AG and G B, added 
together, are exactly equal to A C and C B added together. 
If you gradually place the foci farther apart, while usii^ 
the same loop, the ellipse will become narrow, until the 
loop, being fuUy stretched upon the fixed pioB, the move- 
able one is compelled to travel directly from one focus to 
the other. The ellipse then becomes a definite straight line, 
with what were the foci forming points at its extremities. 
If you gradually place the 
foci nearer together, the 
ellipse will become broad- 
er in proportion to its 
length, until the two fix- 
ed pins touch each other. 
Then remove one of the 
pins, and the two lines 
drawn from the foci to the 
curve, become one straight 
line, which is a radius, 
(36) ; the two focal points 
become one single point, 
which is a centre, (34) ; 
and the ellipse is convert- 
ed into a circle. In Fig. 
10, you may observe three 

these curves being reduced from figures drawn with the same 
length of loop, but around different foci. The two outer- 
most dots represent the foci of the narrowest of these ellipses, 
the next pair of stars are the foci of the middle ellipse, the 
innermost pair are the foci of the largest ellipse, and C is the 
centre of the Eurrounding circle. 

38. The longest line, or the greatest length of the ellipse, 
is called its longitudinal diameter: — K, F, Fig. 9. The 
longest measure of the breadth of the ellipse is called its 
Ijvjisoerse diameter ; — G, H, Fig. 9. 

39. This curve is of great importance in natural philoso- 
phy ; for the motions of the earth and alt the heavenly bodies 
appear to be regulated by the law of the ellipse. The earth 
and planets revolve around the sun, each in its own ellipse, 
which is called its orbit: and the sun is situated in the com- 
mon focus of all these eUipses. Fig. 11 will give a rude 
idea of the distances of the several principal planets from 
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12. It is impossible to find any limit to the divisibility of 
matter. After having broken a body to pieces, we can grijidtf 
it to powder so fine that the particles become invisible and 
may be blown away by the breath 3 and so long as a particle 
continues to be distinguishable by any of the senses it may 
be still further divided. 

13. Next among the important general properties of mat- 
ter is gravity. Every one knows tiiat when a stone is hurled 
into the air, it rises more and more slowly until it is brought 
relatively (10) to rest ; but the instant this is effected, it com- 
mences falling toward the earth, and continues to fall &ster 
and faster, imtil it is arrested by the ground, or some other 
impenetrable barrier. In climbing upon a tree, if a lad ven- 
ture far out upon a slender limb it bends or perhaps breaks ; 
and the young experimenter finds himself subjected to the 
same accident as the stone. He is precipitated to the ground. 
When a body of considerable size is held in the hand, an 
effort is necessary to prevent it from falling also. These 
&cts plainly show that stones, children and other heavy 
bodies, if left without support have a constant tendency to 
approach the earth, and that force or resistance is neces- 
sary to prevent their following this inclination. This ten- 
dency is in full action even while the body exerting it is 
rendered immovable by a solid support ; for if we attempt to 
raise a stone from the ground we find it necessary to apply 
to it at least as much force as is required to prevent it from 
falling after it is raised. Hence the stone presses the ground 
with as much force as the hand presses the stone. Clouds, 
balloons, &c., and light bodies when under water, furnish 
apparent exceptions to the rules just mentioned ; but we shall 
fGid, hereafter, that these bodies ajjx) have the same incli- 
nation to approach the ground, though prevented from dis- 
playing it because they are really supported by means which 
the young reader is not yet prepared to understand. 

14. The tendency of bodies to approach each other from a 
distance occasions innumerable curious effects, not confined to 
the world in which we live ; and convenience requires some 
single word or term to express this tendency. The word 
employed for this purpose is gravity, 

15. The mind of man cannot conceive the occurrence 

/ of any event without a cavse. Although no philosopher I 
: can explain why a stone falls to the ground, we are com- 1 
i pelled to believe that there is a cause of gravity : and as \ 
\ bodies when gravitating appear to draw each other together 
by a mutual action, the unknown cause of this class of events 
as been called the attraction of gravitation! 
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16. The Earth is a large body, nearly globular, and at 
8000 miles in diameter, or about SijOOO mjlea in circumfb* 
rence. Mountaina upon its surface are like grains of sand i^ 
proportion to its vast bulk, and little ponds or pools of quirf 
water which occur in all countries, present us with " 
abundauce of smooth surfaces agreeing exactly with 
general form of the globe, but, from their small size v 
compared with the vast ms^nitude of the earth, they 
be considered, for all pirposes of experiment, as peif* 
level. They enable us to judge with great accuracy tSe 
direction in which bodies near the " " 
earth are drawn or aflracled to- 
wards it by gravity. If we tie a 
heavy substance to the extremity 
of a slender thread, and let it haug 
freely from some fixed object, it 
will soon settle by gravity into such 
a position that the direction of the 
string will be immediately towards 
the sur&c« of standing water. This 
is found to be the case wherever the 
ei^periment is tried. Now, let Fig. 
1 represent the earth, and A, B, C, and Ti, four observei 
each holding the string and cord just described, which 
called a plwmb-line. These lines each tending direct!] 
towards the surface of the earth at the spot where the hoi ' 
is placed, their several directions will be represented by 
dotted lines in the figure. But all lines drawn directl] 
towards the surface of a sphere, if continued, will meet 
certain spot within the sphere, as the four lines in th 
are seen to do. As the course of the plumb-line cl( 
marks the direction of gravity, it follows that all bodies 
the earth must gravitate towards this one spot, unless infliK 
enced by some other force besides the general attraction of 
the earth. 

17. This fact in relation to the direction of terrestrial gravi- 
tation, tc^ethcr with the use of the plumb-line, enables usttt 
prove that not only the whole earth, but each of its parts ' 
possesses the attraction of gravitation. 

18. It is evident that the plumb-line points not only to 
the spot within the earth of which we have spoken, ai 
which is called the centre of the earth, but also to that sp 
in the heavens which is directly over head, and is called thej 
xenith. As the stars appear to sweep onward in their path,^ 
many of them approach near to the zenith, ani 'A '« «»»{• 
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14, !nipj<ort»Hl upon a itreiriit wire A B, an 

rtnim-'iit lo movf forward until the line A B ( 

witli th<' lin<- C D, the lemicircular nire will dMcribe Ibe 

Fpac<- A K B D F C '. which space w-ill also pomem length 

anH Kr>'aihh, uithout thickneaa. 

4'J. li; m Fi.'. 13, «v lif^ the Ubie up until ttatopexadly 
forr<^ponds with part of the space A B C D, thii poitioa <x 
th'- space will be th" mrface of the table for the time beii^ 
But, in thi' jucture. the table ■■ represented with a diflntd 
nirfarc, Ntuali'd lower down. This latter surAce then ith^ 
a similar portion of apace, and ia therefore a prapertj of the 
Fpaci- occiipii-d by the table, and not a property of the table 
il!i"tf. The term mrface or itiprrfiriet is applied to all M^ 

Zao'i aa havelenjith and breadth without thickoeie, whether 
fim-d bv the pn'^ence of matter or not. 

4:). In flat surfaces, such as A B C D, Fig. 13 and 14, 
any straight lint>. or, as it is frequently called, " rif;kt lift' 
drawn from one point to another will be entirely within the 
surface. Hencf the following definition. .4 ji^one tti^tei 
is that in which any two points being taken, the stia^ht line 
h«*twfen them lii^s wholly within that aur&ce. Such lu^ 
faci's when considt-n-d indefinitely, are uninlly called nmplf 
— planen. But if, in Fig. 14, vou were to draw a nj^ 
lini' from A to F, two points in iKe surface described by the 
si^iui circular wire, this line would not *'lie wholly withio 
that surface." Such surfaces are either curved or irregviar. 

44. Thmiirh we catmot in reality mm-e either points, linet 
or sujvrficii-s, it is sometimes convenient to mippoee them 
caj«ble of motion. Thus, instead of suppo^ng the ruler or 
the wire in Fig. 13 or 1+ to be moved from A B to D C, 
wi" may as readily supixwe the line A B itself to undeigo 
this motion ; and "now that the nature of such abrtract ideu 
as the point, the line, and the surface, have been fully e^ 
phiued, we may venture to employ this style of language in 
relation to such subjects. 

+5. Let ABEH, Fig. 15, be a 
definite plane surfaci', seen in per- ^ ^ 

spective. Let it be gradually lifted fct ^~ - r"""*^ 

up in the direction of the line B C, jHl !" -'M " 

until it lies in the sanie plane with Wf^ 

the surface C D F K. This sur- h ^, „ 

face will then describe the whole wj 

%ure A B C D F H, having sis 'fl ■ '\ ■ 

*'dp« or surfaces determined. Here, I-'l.'- •-'''■ ■V-.j ^ 

then, we have a definite portion of * n n 

"pace, having three different dimen- '' 



^Hha, length, breadth and tkicknea. There is room withitt I 
Im space of three dimensions for tbe reception of mallerj j 
Were we to fill up thia figure or space with lead, it is evi^ 
dent that we should have a solid body of lead with six side^y 
bounded by the same surfaces aa those of the figure ; and aa 
we have no peculiar word by which to espress the spacft 
alone, when unoccupied by malter, tbe term toUd is oflen af>> j 
pi jed to the figure as well 38 the substance. Inspeakingof thai 
properties of sim cf, then, a 3olifi is a portion o/^ space, hav^ I 
ing three dimensions — length, breadth and thielcnriit. ] 

46, As the boundaries of surfaces are lines, and the boun- 
daries of solids, a/ui thertforr. of bodiex, are surfaces, it u ' 
necessary to be acquainted with certain relations of lines and' 
surfaces to each other in order to comprehend the rflations J 
between bodies which constitute the proper study of th» I 
Natural Philosopher. I 

*7. When two straight lines lying in the same plane havB 
such directions that, though produced indefinitely, they 
can never meet — that is when they are equi-distant from 
each other throughout their whole length, — they are said to 
be parallel to each other, and all straight lines which ara 
parallel to the same straight line are parallel to each other. 

4S. It Is evident that a straight line may be parallel to a 
plane. Thus tbe lines running lengthwise on the cornice or 
Hurbase of a room are all parallel to the surfaces of the ceil- 
ing and the floor ; because if produced indefinitely, such 
lines and such planes can never meet. One plane may also 
be parallel to another plane for similar reasons. 

49. When straight lines lying in the same plane ari 
parallel to each other, they must meet somewhere. 
CD,EF,andGH,Fig. 16, t, 

be three definite lines that .., ■ — __ 

are not parallel to the line ■'■ "^^ 

A B, though in the same ,../ ' \ 

plane. If aU these lines be ■ \_^ 

produced both ways, each / ^^ 

of them must meet, cross or 

evl the line A B at some 

point. Produce C' D and 

G H, and you find that C D 

meets A B at fi, and that 

GH meets it at A. 

50. There 
1 which 
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ore puzzling to beginners than ■ 

express by the word angle : and it is necea-; I 

that il should be perfectlv understood by the student. 
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We will here endeavour to eicplain it. An angle is the 
tendency of two lines or surfiu^es towards each other. Thw ; 
the tendency of the right line C D, Fig. 16, to meet the 
right line £ F, is an anele. This tendency exists at all tinie% 
whether the definite lines do actually meet or not ; for, m 
all lines are in their nature unlimited in the extent, the 
lines of which the definite portion £ F and C D are merely 
parts, do actually meet in space, whether we draw or repr^ 
sent them or not. Let us consider the line C D as produced 
until it meets £ F in the point F. The two lines are then 
said to meet at an angle. When we wish to speak of any 
particular line or angle, the point at which the lines meet it 
called the angular pointy and in each figure of an angle it ii 
usual to place some letter at this point, by which to 
designate it. Where there are but two lines meeting at 
any angular point; as at F, Fig. 16 ; it would be sufficient to 
say simply the angle F, when speaking of the inclination of 
these two lines : but there are more than two lines meeting 
at F, and something more is necessary to determine whether 
we speak of the tendency of C D towards £ F, or that of 
K F towards £ F — ^the angular point being the same for both. 
To avoid this difficulty we commonly use three letters to 
express an angle, or tendency of two lines to meet each 
other. One of these letters is chosen from each of the Unet 
to which we refer, but the letter at the angular point is 
always placed in the middle. Thus ; when we speak of the 
tendency of C D and £ F to meet, we say, " the angle 
C F E," or " the angle £ F C ;" or, with equal propriety 
we may say " the angle D F £, C F L, or L F D ;" for, as 
the inclination or tendency of the lines to meet is always the 
same, whether they are produced or not, and whether they 
are long or short, it matters not what letters happen to be 
placed along the lines we may choose for the purpose of de- 
signating the angle. 

51. Let A, Fig. 17, be the position of the central point 
in a pair of mathematical compasses, and D the position of the 
sharp extremities of both the legs, when the instrument is 
closed. If the leg A D remain fixed, and the instrument be 
opened until the ^'xtremity of the other leg reaches B, it 
will have a considerable inclination towards A B, and the 
two lines B A and D A tend towards each other, so as to 
meet in A. This tendency is the angle BAD. If we 
open the compasses gradually until the extremity B coincides 
with the point E, the angle between the lines B A and 
B A will become greater and greater until it forms the 
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angle E A D. Hence we may say that the angle EAD 
is greater than either the on^le E A B or the angle BAD. 

52. It is impossible to make " 
these two lines approach other 
more directly than when the ex- 
tremity B haa reached the point / 
E; because the line E A then runs / 
direct or right towards the line / 
DA, without inclining to either / 
side in the slightest degree : and / 

if we produce DA to K or J 

further, it is equally evident that [' 
E A tends direct or rigid towards \ 
A K,— for D A and A K are in \ 
the same straight line : Hence the x 
angles E A D and E A K are ex- \ 
actJy equal to each other. The an- --^ 

gles between two different straight 
lines which tend directly towards 

each other are called right angles, p- 

and the lines which form these ^'«- '^■ 

angles are said to he perpendicular to each other. Thus, 
in Fig. 17, E A ia perpendicular to DA or D K, and D A 
or D K is perpendicular to E A. 

53. When an angle is less than a right angle it is called 
an acute angle. But we may open the compasses still further, 
after the extremity D has reached E. Let them be opened 
until the extremity B reaches G. Then the tendency of 
the two le^s to meet may be measured either by the angle 
GA K, wiuch ifi the inclination of the moving leg towards 
the line D A produced, or by the angle GAD, which 
is the inclination of the two lega towards each other. 
Of these angles, G A K is much less than a right angle, 
and is therefore quite acute, but G A D is much greater 
than a right angle ; — Such angles are called obtuse anglrs. 
If we open the compasses still wider, until the extremity 
B coincides with K, there will be no angle between the 
two legs, for one will be in the same straight line with 
the other. 

54. It is now time to describe the mode of measuring 
angles. If we o Id arry th moveable leg of the com- 
pa.'saea ali the way ound unt 1 the extremity B should return 
to the point D th str m ty B would describe an entire 
circle, with A as the c nt e and one leg of the instrument 
as radius. The legs of the nstrument would tend towotda ' 
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each other at every possible angle at different times^ and the 
portion of the circumference of the circle embraced between 
their extremities at any one time would be a measure of the 
angle for the moment ; thus : the portion of the circumference 
from B to D is the measure of the angle BAD; and the 
portion from D to £, measures the angle £ A D. Now any 
portion of the circumference of a circle, such as B D or 
B £ G or D £ 6, &c., is called an arc of a circle. Hence, if 
we take either of two angular lines as a radius, and, with the 
angular point as a centre, describe a circle, the arc of that 
circle which intervenes between the lines will be a measure 
of the angle. 

55. We measure angles, not by the length of the arc in 
inches, but by the proportional part of an entire circle drawn 
round the angular point that intervenes between the lines: 
and as this proportional part is always the same, whether the 
circle itself be large or small, it matters not what circle we 
employ to compare the dimensions of several angles with each 
other, provided we use circles of the same size in each case. 

56. As we cannot express the dimensions of an angle by 
any lineal measure, such as feet or inches, we require a 
peculiar set of relative 
terras for this purpose. ^ ,.| 



The object is obtained \'^ ^ ^ '*^. 

in the following man- • * \ '/^ 

ner : The circumfer- b^^** ••••r •'*•/•./ 
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ence of every circle, 

whatever may be its 

size, is considered as 

divided into throe "; : ^ 

hundred and sixty '^ \ \ 

equal parts called de- ', ^*v \ s«*^ 

grees, and written x. V*-i.....\-*\ 

thus: V, one decree-, '/ 

each degree is divided 

into sixty parts called 

minutes, and written 

thus : r, one minute ; ^'*S' ^8- 

each minute into sixty parts called seconds, written thus: 1", 

one second. The larger the circle the longer are the d€^ 

grcos, but the number never varies. Fig. 18 presents two 

circles of difFtront sizes, divided or gradvated in such a 

manner that each interval between the dots is equal to 5°, 

In order to measure the dimensions of the angle formed by 

'ny two straight lines, take the angular point as a centre. 
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and with any convenient radius, describe a circle, and divide 
the circumference into 360 degrees. The number of degreet 
contained in the arc between the lines will be the measura 
of the angle. In Fig. 18, the three definite right lines A % i 
C D, E F, all tend lo meet the riraight line H I, in the point 
G, which is the angular point of all these lines and has beelv J 
made the centre of the two graduated circles. Whichevef 1 
circle you choose for your measure, you perceive that of th» 1 
three angles H G E, EGA, CGI, each counts 30^, whilr J 
the angle A G C counts 90° and is therefore three limes aa^J 
large. 

57. There is no better way of lightening the labour o 
these apparently dry studies than by showing their usefiil 
ness. Now, therefore, let the inner circle be a n'presenta 
tion of the earth, with G as one of the poles, and the pointlll 
immediately beneath the letters F, B, and D the positions aS'r 
three observerH. Suppose a star to be placed at E, exactly 1 
at the zenith of the observer F, at twelve o'clock at night. 
When will that star become vertical or reach the zenith (18) 
of the observers B and D T The Earth revolves from west to 
east through its whole circumference of 360° once in about 
24 hours. It therefore moves through one degree in about 
four minutes of time. At this rate, it will take just 2 hour^ , 
or 30 times 4 minutes, to bring the observer B under the atair J 
at E ; the angular distance being 30' : and 8 hours or 12^ 
times 4 minutes will be required to bring D to the same sit- 
uation; the angular distance being 120°. Thus when it is 
noon to F, it is two hours before noon, or 10 o'clock A. M. 

to B, and 4 o'clock A. M. to D. This is in fact the mode 
in which astronomers and geographers calculate the hour 
at different places at the same moment, 

58. The line A L, which runs through the centre com- 
pletely across the circles, in Fig. 18, has 180° or half the 
circumference on each side of it ; but the line C G meets A L 
in such a manner that each of the angles A G C and C G L 
measures 90°, or one fourth of the circumference : so that 
the line C G meets the hne A L in such a manner as to 
make the adjoiniag angles equal : Therefore these lines are 
perpendicular to each other, and the adjoining angles are 
right angles ; (52) and ichenever a Hne meets another at an 
angle of 90° the angle is a right angle and the lines are per- 
pendicular lo each other. 

59. In making diagrams we frequently have occasion to 
draw lines that will make angles of a certain given number 

^£ degrees with each other. For this purpose il la cm^qwlktj 
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to form a scale from some one circle, by which we m&y 
measure and compare all possible angles ; and this is done in 
the following manner : A straight line extending from one 
end of any arc to the other, is called a chord. Tlius ; K L, 
Fig. 18, is the cliord of the arc L N K. This arc c(Hitaioi 
60^. K L is therefore the chord of sixty degrees. Now, if 
the circle were twice or thrice the size given, the arc wodd 
still contain the same number of degrees, and those degrees 
as well as the chord would be accordingly twice or tiiree 
times as long as they are in the figure. That is to say ; the 
length of the chord of any given number of degrees varies in 
diilbrcnt circles in exact proportion to the length of the arcs, 
or to that of the radii. Therefore, take any circle of con- 
venient size and divide its circumference into 360 equal 
parts or degrees, then measure the chords of every one in 
succession, from 1° to 90°, and lay the measurements down 
on a scale of ivory or metal; as in Fig. 19; where you see 
marked the chord of every degree as far as 10°, and thence of 
every ten degrees to 90°. 

10 20 9040^60708090 
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A B C 

Fig. 19. 

60. It happens that in every circle the chord of sixty de- 
grees is exactly equal in length to the radius of that circle. 
If then you wish to measure any angle by means of the scale 
of chords, take the chord of 60°, or the line A B, Fig. 19 ; use 
this as a radius, and the angular point as a centre, and de- 
scribe an arc of a circle from one line to the other. The 
chords on the scale will answer exactly to the degrees of this 
circle. It is then only necessary to measure with the com- 
pass the chord of the arc intercepted between the two right 
lines and apply this measure to the scale of chords from 
toward 90, and the number of divisions of the scale embraced 
by the compass will mark the number of degrees contained 
in the angle. 

61. One plane may form an angle with another plane. 
Let the plane A B £ K, Fig. 20, represent part of a surface of a 
table, and the two planes B C D E, and F G H I, the sur^ 
faces of two plates of glass resting upon it edgewise. If 
C B, the edge of the glass, be perpendicular to A B, the 
edge of the table, then the plane B C D E will be perpenr- 
dicular to the surface of the table ; and the line C B will 
be also perpendicular to any and every line lying wholly 
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withia the plane of the table 

(hat terminatfii in the point 

B. The same thing 13 true 

of e\ery other hue in the 

plane B C D E, that is drawn 

perpendicular to E B — the H 

hne of intersection between 

thetc planes. Therefore if, in 

two planes that intersect each a 

other, we choose any point in 

the line of intersection, and Fit- *>- 

draw from thispoint two lines, one in each plane, making each' 

of these liiiea perpendicular to the line of intersection, and if 

we find that the two lines thus drawn are perpendicular to each 

other, then the two planes are also perpendicular to each' 

other. But if the two lines thus drawn are not perpendicular 

to each other, the two planes cannot be so, hut must incline 

towards each othrr at an angle greater or less than 90°. 

In the two planes ABEK and KGHI, Fig. 20, the line 

H G in the latter plane is perpendicular to F G, the line of 

intersection, and the line AG in the former plane is also 

perpendicular to F G : but A G is not perpendicular to H G, 

though both Jines terminate in the point G, which is in the 

line of intersection. Therefore the plane FGHI is not 

perpendicular to the plane ABEK, but is inclined to it at* 

the angle A GH; the admeasurement of which in this, case' 

would be found to be 45°. 

62. A single curved line may enclose a space ; as in the 
circle : or a curved line and a straight line may do so ; aa 
in the semicircle : but not less than three straight lines are 
reqijired for this purpose. Figures or spaces enclosed by 
three lines are called triangles. Those formed by right lines 
are called recliliiieat lriangles,a.nd those formed by three curved 
lines, usually take the name of their peculiar curvation, 
thus : we have spherical trianglet, elHptieal triangles, &c. 

63, But in order that a regular curved line (33) should 
enclose a space, it is necessary that it should always lie in 
the same plane. The wire of a common suspender spring 
can never enclose a space, because it never remains — even 
during a single turn — in the same plane, ahhough the turns 
of the wire may be so close as to touch each other and form 
a lube. A curve of this character is calleil a helix: from 
the Latin word Hclix: — a snail. The line of the edge of s 
screw IS a helix. The helix must not be confused with the 
spiral. Fig. 21, — a curve like that seen in tt\e ^iwi- 
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of a watch, — which lies alwayi in the game plane, but ii 
equally incapable of enclosing a space. 

63. By means of spirals we can best illustrate what is meant 
by the term angular velocity i Let A, Fig. 21, be a little 
ball revolving around the centre B in the circle A C, with 
a uniform absolute velocity ; being restrained from fljring off 
by means of a cord or string A B. Then let this string be 
gradually shortened without arresting the circular motion 
of A, and it is evident that the centre of the ball will 
describe a curve resembling that represented in the figure. 
If the ball be made to pass through the first round oiT the 
figure and return to the 
line A B in exactly the 
same time which it oo- 
cupies in performing the 
second and all other sim- 
ilar rounds, the curve 
will be a spiral exactly 
like that represented in 
the figure, and the body 
will have a uniform an- 
gular velocity; but in 
order to move in this 
manner, its absolute oe- 
locity must be continu- 
ally retarded, or it must 
approach the centre B F'S- ^i. 

more and more rapidly \ because it has a much shorter dis- 
tance to travel during the second, than during the first 
round. If the string A B be uniformly shortened while the 
absolute velocity of A also continues uniform, the turns or 
whirls of the spiral around the centre B will be much more 
numerous, and they will also be placed continually nearer 
tc^ether as they approach this point. Meanwhile the angu- 
lar velocity of the ball will l>e constantly accelerated^ and 
this will give it the unreal appearance of moving wiUi an 
accelerated absolute motion. The following experiment will 
fully explain this subject : attach a playing-ball to one end 
of a cord, three or four feet in length, and holding the other 
end in your left hand, take the string near the middle, 
between the thumb and finger of your right hand, and give 
the ball a whirling motion. Of course it will revolve nearly 
in a circle, if your hand moves steadily. Then, while it is 
la motion, draw the string through your fingers pretty 
quickly and uniformly with the left haind, so as to shorten 
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the cord. The ball ■will approach the hand as a centrp, and 
will continue to move at nearly the same speed ; but, having 
at each turn less distance to travel, it will peribnn its revolu- 
tions more rapidly, and will thus appear to he actually 
moving faster. If the ball A, Fig 21, while revolving, were 
made to approach the cen- 
tre B with a very rapidly 
accelerated velocity, it 
might reach that point be- 
fore it could even complete 
a single whirl, yet its line 
of motion would stiU be 
called a spiral. A qiiral a# 
of this character is seen 
in Fig. 22. 

65. It has been stated 
that at least three straiglit 
lines are required to en- 
close a space. But it is 
also necessary that the Fig. la 

three lines should be in the 

same plane. Three or more such lines located in difTerent 
planes, if they meet at all, can only meet at 
a single point, where they constitute a solid 
angle, thus : if the lines marking the direction 
of the inclined legs of a stool, as represented 
I in Fig. 23, be continued until they meet in 
the air, as at A, they will form what is called 
a solid angle ; because these lines are then the 
boundaries of a solid figure, formed by the 
intersection of three planes at the point A, 
and resting upon the plane surface of the stool 



66. The three angles of any rectilineal triangle are equal 
to two right angles, or 180°, If, then, a triangle have one 
of its angles a right angle, it cannot have another of as great i 
dimensions, but the re- 
ntaining angles must be 
acute, Sucti a triangle 
is called a right angled 
triangle, Fig. 2i. If 
one of the angles be ob- 
tuse, the remaining an- Fig- «- f<f- m. Fi(. m. 
gles must be still more acute than in the last case, wvA ft* I 
triangle is termed an obhiie angled lriangV^Y\%^.'&. '^ 




}i only when each of these angles measures less than 90= (58) 
~* at the triangle is called an acute angled triangle. Fig. 36. 

67, Triangles also receive difierent names from the 
dWerenl relations of the length of their several sides, thus: 
when all the sides are equal, the triangle is an equilaler^ 
triangle; when two of the sides only are equal, it is an 
iaosceles Iriangle, and when aU the sides are unequal it ii 
sailed a tealene triangle. 

68. Plane figurea enclosed by four straight lines, are called 
miadranglet or quadrilaleral figyrea ; for, all plane figures 
;Douniled by straight lines have as many angles as they have 
jidrs. The following terms applicable to figures bounded by 
feur straight lines being frequently employed by writen on 
natural philosophy, it is proper to define them here. 1. A 
parallelogram is a plane quadrilateral figure, with its op- 
po^te sides paraUel. 2. A rectangle is a parallel<^runi, 
having all its angles right angles. 3. A nqaare is a rect- 
angle, having aU its sides equal. 4. A rhomb or rhombiu 
is an oblique angled parallelt^ram, havii^ all its sides equal, 
and its diagonally opposite angles equal, but not right angles- 
Its shape is that of a lozenge. 5. A rhomboid \a an obhque 
aisled parallelogram resembling a rhomb, but having two of 
its Hides shorter than the other two, 6. A trapeioid is aplane 
quadrilateral figure, having two of its opposite sides paiallel, 
but the remaining sides inclined. 7. A trapezium is a plane 
quadrilateral figure, having no two of its aides parallel to each 
other. These figures require no further illustration. 

69, As a convenient general term for plane figures with 
aiany sides we employ the word -polygon, derived from 
two Greek words, signifying many angles ; and, in giving 
names to the different figures according to the number of 
■rides or angles which they contain, we preserve the same 
, termination — gon, — coupled with the Greek word signifying 

the number of the angles in the figure ; thus : 
A figure with five sides is a. Pentagon ; 
" with six sides a Hexagon ; 
" with seven sides a Heptagon ; 
" with eight sides an Octagon. 
Other polygons rarely receive specific names, but are called 
B «nm|y polygons, with a specification of the number of sides. 

70. It is now time to proceed to the consideration, of 
fibres which have three dimensions — length, breadth and 
thickness ; thus forming solid figures. The simplest mode of 

It explaining the moat important of these forms, is to suppose 
*bat the plane figures already described are capable of being 
f '^d in any direction through space, and tondde^vti^ 



the character of the forms of space which each figure migUa 
thus determine, ■ 

71. The semicircle represeoled at Fig. 
27, if made to revolve about its diameter, 
would carve out, or, as philosophers are 
accustomed to say, i[ would generate a 
%ure like that represented in Fig. 28, 
which is called a gphere. As all parts of 
a semicircle are equi-distant from the cen- 
tre, it follows that all parts of the surface, 
or, as it is termed, the periphtry of the 
sphere, are equi-distant from ila centre ; and 
this is the law of the sphere. F.f.sa. 

72. A line around which any thing is made to revolve ia 
called the axin of its motion — thus, the middle line of Ihe 
axle-tree of a wagon is the axis around which the wheels re- 
volve. We also apply the same term to any line nlong 
which a body moves in a regular manner ; thus, the string 
of a kite is the axii of the molion of the toy which children 
call a TtKSseitger, If then we choose the shorter diameter of 
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an ellipse as an axis of revolution. Fig, 29, the solid generated 
will resemble Fig. 30. This is called an oblate spheroid or 
ellipsoiil. It ia the figure assumed by our earth, and proba- 
bly by all planetary bodies that revolve upon their axes. If 
we choose the long diameter of the ellipse, Fig. 31, as an axis, 
the figure generated will be one of much less importance in 
philosophy, called a prolate spheroid or ellipsoid, Fig. 32, 
In spheres and spheroids, the extremities of the axes of revo- 
lution are called poles. ' 

73. If we suppose the right angled triangle, Fi^, 24, to I 
revolve around either of its two shorter sides, the soUtfj* 
generated will be a cone. Fig, 33. 

74, II" a parallelc^rain — Fig, 34 — be supposed to revolve 
around one of its sides as an axis, the figure generated is 
called a cylinder — Fig. 35. Or, if a circle. Fig. 3ii, be sup- 
posed to move along an axis perpendicular to its surface, 
such as that represented by the dotted line iiiVhc &nwe,'Oa.e 
solid generated will also be a cylinder. 
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75. All solid figures Ihat are bounded by paralle 
[md have their opposite sides parallel are called paraUelo- 
LjMpedi. Suppose the square figure seen unshaded and id 
■■Berspeclive in Fi^. 37, to move along the dotted axis CD, 
■perpendicular to its surface, keeping always parallel to itt 
V.Snt position, from A to B, the side AB being equal to one 
[ tide of the square. It will then generate the solid rejm- 
' tented by shading, and this solid will have six equal sidei, 

■11 of which will be equal squares, and all the angles between 
its contiguous sides will be right angles. This figure ii 
called the cvbc. 

76. If, instead of a square, the generating parallelogram 
I were an oblong rectangle, moving in the same manner, the 
[ lolid would be a reclangvlar parallelopiped, but not a ciiie; 

for all its sides would not be c 

equal. When the axis of mo- 
tion of the square is not at 

right angles to its surface, 

but lies obliquely to it, aud 

when the edges are all equal, 

two of the sides of the solid 

■will be rhombs, and the S^- 

ure will be a rhombic paral- 
. Ulopipcdon, Fig. 38. Many 
I iltineralogisti and other sci- 




77. If the motion of the generating square along am 

l.flblique axis, as in Fig, 39, A B, be stopped before the eclges 

Kof the solid become all of equal length, a 

")r if it be continued after that period, or, — ''^\'~~, — ^ 

if the generating jiaraUeli^ram be an ob- V V\ \ \ 

^ig rectangle or a rhomboid, in each of W:^_ilIC:==^ 

WeBe cases the solid generated will be a 

9omooidal parallelopiped, because some 

its sides will be rhomboids. 
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78. If any polygon be mipposed to move along ai 
still keeping parallel with itself, the solid geni^rated will be < 
a jiritm : but this term is rarely applied to solids with six 




" sides unless when they are very long in proportion to their 
breadth. Fig. 40 representa a right three-sided prism 
with its generating triangle and axis; and Fig. 41, a right 
aix-sided prism, with its generating hexagon and axis. 

79. If we suppose any generating polygon to become 
uniformly smaller aa it mares along an asia,keeping parallel 
to its first position, it is evident that it will describe a solid 
figure the sides of which will draw together continually un- 
til they come to a point. Such figures are called pyramids. 
In Fig. 42, you see a trilateral or three-sided pj-ramid with 
its generating triangle : and in Fig. 43, a quadrilateral pyra- 
mid with its generating parallelogram. As a polygon may 
have any number of sides, so inay a pyramid or a prism. 
In spealcing of the sides of a pyramid, the )»ttom or base ja 
not counted ; and in speakin| of the sides of a prism, neither 
the top nor bottom is counted. 

80. There are a great many solids with plane sides which 
are not included in any of the forma or figures of defiaite 
spaces of which we have been speaiing : — that are neither 
pyramids, nor prisms — and it is convenient to have a set of 
terms to express these diflerent forms. The scientific names 
of solids with many plane sides, follow the order of the Greek 
numerals, exactly as the names of plane rectilineal figurea 
do [69) ; but instead of each name ending in gon, as is the 
case with the plane figures, the termination Iieilron is 
adopted to signify a solid figure. Thus ; we have trigon, 
tetragon, &.c. , among plane figures ^ answering to trihedron, 
tetrahedron, &c., among solids. 

81. IVhen all the sides of any polygon or polyhedTun ^ibl 
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equal, the figure is said to be regular. The 
examples of such figures are as follows. 
The tetrahedron is simply the pyramid 
with three sides, Fig. 42 ; the base be- 
ing now counted as a side. The octa- 
hedron is formed by joining two pyra- 
mids with four sides base to base, as 
represented in Fig. 44. There are 
three kinds of regular dodecahedron — 
— one, with twelve triangular sides, be- 
ing two sixHsided pyramids united by the 
bases. Fig. 45 ; one, with twelve rhombic 
or rhomboidal faces, called the rhotn- 
boidal dodecahedron^ Fig. 46 ; the 
other with twelve pentagonal faces, 
called the dodecahedron with pentagonal 
facesy Fig. 47. The icosahedron, a 
figure with twenty triangular faces, is 
represented at Fig. 48. 

OP THE MEASUREMENT OP EXTENSION. 

82. In measuring the distance between any two points? 
we perceive at once that we are estimating the amount of 
a definite space, and our minds very naturally refer iofe^ 
and inches, miles, &c., as suitable measures with which to 
determine the distance. From the popular use of the word 
measure, we are apt to think that when we estimate the ex- 
tension of any body by what are called solid or fluid measured 
such as the bushel, the quart, &c., we arrive at the quantity 
of matter in the body, while in fact we measure only thf 
quantity of space which it occupies. By neglecting tbi* 
distinction we might be led into ridiculous errors. Weight 
is a true measure of the force with which the matteif 
contained in a body gravitates towards the earthy and as thi^ 
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force depends upon tbe quantity of the matter COHtBlDed in 
the body, weight must be a measure of that quantity ; though 
it is no measure of the space which it occupies. A pound 
of water measures about a pint ; the same water converted 
into ice measures considerably more, and boiled into steam, 
it measures many gallons, yet the ice, the water and the 
steam contain the same matter unchanged in quantity, and 

83. The true measures of space are either linear, having 
length only ; superficial, having length and breadth only ; 
or solid, having three dimensions — length, breadth and 
thickness. 

84. Lines can only be mtasured bij linet. Civilized 
nations of the European stock have generally adopted the 
Lnear inch as the unit, or basis of linear measure, and all 
other linear meaaureB in use are mere multiples or parts of 
the definite length an inch. 

85. Surfaces can only be jneastired by svrfacei. The 
general unit or basis of superficial measure is the square inch, 
and all other superficial measures may be regarded as mere 
multiples or parts of a definite square surface, of which each 
side measures a linear inch. Let A B C D, Fig, 49, be a 
square, having each of its sides ^ ^ 
one foot in length, and divided 
into twelve parts or inches. It 
is very evident that the space 
constituting the surface of the 
square A B C D, can not be 
measured by the line A B, ner 
by the line A D, nor by any 
number of lines whatever ; be- 
cause a line oceujnes no space. 
You cannot multiply the line 
A B i,y the line A D. Yet, if " 
you multiply the number representing tl 
the line A B — that is, titelve — by the number representing 
the linear inches in the line A D, which is also twelve, the 
result will be 144, the number of the square inches into 
which the great square may be divided.* 
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not with tlic tilings which they mny be enriplnyed lo designnto. What 
is tcrmcil the ifuire ni' my number is simply tlie product of that num- 
Ix^r multiplied by itself; and tbe ifusre rooE of any number is that other 
I: umber which when luulli plied by itselT, producsa the farmer niunbdr. 
ThHB 12 ia lh« square root oFlii, and 144 U Uie aqaaic at W. 
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88 IMViaifilLITT. 

86. Solid» can onljr be mratured by tolidt. It is evident 
that no number of surfkcea can form a solid, for mriacei 
have no thickness. Let Fig. 50 represent a cubic blodt 
of which each of the twelve edges measures one yard. K- 
vide the lines A B, A C, BD each into three parts refte- 
senting feet ; and complete the divi- 
sion of all the viable sides of the 
cube into square feet. Now, by 
multiplying the numljer of the parts *" 
in AB, by the number of the parts 
in AC, you have 3x3=9 — the 
number of the square feet in the side 
AF, and consequently in each of 
the other aides of the cube. But; if 
we should divide the block by planes 
passing through all the lines that 
cross the several sides, it is obvious ^'' *■ 

that we should cut it into a bundle of little cubes, the ade* 
of which would be equal to square feet; and of these th«K 
would be three rows in depth, each containing nine cubtd 
If, then, we take the numbers of the parts of one of the 
edges of this cube, which we may consider as representii^ 
Its first dimension — length — and multiply this number bf 
itself for the second dimension — breadth — and once a|;ain 
for its third dimension — tkickneit — we ascertaiti the met- 
sure of the contents of the cube in *o 'id or cubic feet : thui; 
3 X 3 X 3 = 27, which is the number of cubic feet in a cubic yard. 
The terms cubic foot, cubic yard, &c., are applied to spaCM 
of every variety of figure, because they are used merely u 
measures of the qvaniiir/ of definite portions of space, which 
has no necessary relation to their form.* 

With these remarks we will conclude our observatione on 
the properties and relations of estension. 



87. Alomr. — It has been already stated that we know no 
limit to the divisibility of matter. It requires 1800 leavei 
of thin gold-leaf to equal in thickness an ordinary sheet of 
paper. In gilding the silver wire used as the foundation of 
gold lace, the metal is reduced to much less considerable 
thickness; yet, when the silver is dissolved by nitric acid, 
the gold remains in the form of an exquisitely delicate tube, 
perfectly visible, and nearly opaque. By galvanic action, 

■The Cuba of any nambcr ii tho product of that number maltiidkd 
"7 it* Bquarc. 



ilms of metal so thin as to be transparent or invisible, may 
DB deposited upon the eurface of other mclala ; yet we have 
BO proof that even these depositea are composed of single 
layers of particles. 

88. Air, water, food, and even the fluids of our bodies teem 
with animal life. A single drop of water, cunluning a 
Ulfle vegetable matter and viewed under a strong mi- 
croscope, often presents us with hundreds of living things 
of all sizes, from the giants and tyrants of their pigmy world 
tu the mere animated dot, scarcely visible by the nid of the 
most powerful instruments. The largest of these display 
the passions and the instincts. They lie in wait for their 
prey, seize it by stratagem, and often contend most furiously 
for its possession. Chemistry proves that these diminutive 
beings are composed of matter resembling that which forms 
our own persons ; and we know that lliey digest their food 
and perform many other acts which require in us a cotnplex 
structure. How incalculably small must be the particles 
composing the frames of the smallest of these animalcules ! 
Yet we are by no means certain that there may not exist 
■within them, other beings still more minute. 

S9. Equally extraordinary are the phenomena of odorous 
substances. The perfume of a grain of musk will be per- 
ceived for years throughout a large apartment, without any 
considerable diminution of its weight ; yet during the whole 
period it must perpetually throw off minute particles of 
its substance. A grain of blue vitriol, dissolved in one 
gallon of water, gives to the whole a visible blue colour. 
Now there are about 102,400 drops in a gallon of water. 
The tenth part of a drop of that mixture is distinctly visible, 
and will display the colour. Here, then, we actually see 
about the millionth part of a grain of blue vitriol. 

90. Many philosophers in attempting to reason upon this 
indefinite divisibility of matter, venture beyond the bounds 
of reason, and confusii^ matter with space, assert Ihat there 
are no particles of matter so small as to be indivisible into 
parts. If this were true, matter could not be impenetrable, 
bitt might be divided and re-divided until reduced to nothing. 
The hiunan mind is not bo constituted as to receive this 
monstrous doctrine until weakened by the false pride of spec- 
ulation that leads some worthy people far beyond the boimda 
prescribed by Providence fo human iinderatanding ; and it is 
now universally granted that in dividing any body continu- 
ally, we should at last arrive at particles so hard and 
unyielding as to defy all our eflSirts. These iacQQCftVN^V! 
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minute particles are termed atoms ; and it is believed that 
by collections of innumerable atoms the universe of matter if 
ultimatt'ly formed. 

91. Notwithstanding the extreme minuteness of atoms, 
which will probably for ever prevent us from seeing them, 
wc are able to study and experiment upon their properties, 
and can even furnish plausible reasons for attributing to them 
certain definite forms. By dividing various crystals in a 
peculiar manner, the mineralogist arrives at a rational conclu- 
sion with regard to the shape of their smallest possible parti- 
cles. Having discovered this shape in any particular crystal, 
he not only proceeds to explain how all known forms oi 
crystal observed in the same kind of matter are built up by 
the slow deposition of layer after layer of particles of simi- 
lar shape, though in various orders, but can also determine 
in many instances, the nature of the substance compoung a 
crystal of totally novel form, simply by measuring the pro- 
portions of its figure. The method by which we are able 
thus apparently to estimate the shape of invisible things is rea- 
dily explained. 

92. When we attempt to remove a brick wall by displacing 
the bricks layer after layer, we meet with comparatively 
little opposition from the softer cement or mortar, and we 
leave a tolerably smooth surface wherever a brick has been 
displaced. But when we attempt to divide the wall crosswise 
through the texture of the bricks, the opposition is enor- 
mously increased, and the surface is everywhere studded 
with rough projecting edges and angles. Thus, w^hen we 
divide a crystal, it separates most readily and smoothly in 
those directions which correspond with the divisions between 
the successive layers of particles composing the crystal : but 
if we attempt to divide it in any other direction, the crystal 
seems much harder and the surface of division or fraciwrt 
appears rough and irregular. 

93. If you apply the edge of a sharp knife in a direction 
parallel to either side of a cubic crystal of rock salt, and strike 
it by a light, quick blow, the crystal will be divided by a 
plane parallel to the side of the cube. In this way, successive 
slices of equal thickness may be continually cut off parallel to 
every side of the cube, without changing its shape or leaving 
a rough surface. But if the edge of the knife be placed obliquely 
to the sides of the cube, the resistance is found to be much 
greater, and the fracture is very uneven ; thus proving that 
you are cutting across the arrangement of the particles. It 
appears, from these circumstances, that the form of the par- 
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ticlea of which crystals of rock salt are coiutructed is thsil 

cube; and hence the particles of all salt are regarded a«'~ 
cubical. No matter what form the crystal of salt may 
assume, it can always be reduced to the cube, bj^his mode 
of cutting, or, — as the mineralogists term it — bfclearage. 
The cube is therefore called the jirimitiT^e form of the crystal 
of rock salt. 

94.. One of the most common forma of the crystal of 
fliior or Derby:ihire spar is also a cubej but it is easy to 
provi' i]il( ihi-. lijiiri' is not the form of its particles or pnmi- 
tiii; I ,- . . [; ■■■ ilivide a cube of fluor spar, Fig. 51, in a 




direction parallel to its sides, wc find that we are cutting 
across the course of the particles; but when we strike offthd' 
corners in the direction represented in the figure, we cut la 
the direction of the layers, and the fractures are smooth. 
SuccessiTe slices of equal thickness may be struck off from 
each of the comers, in directions parallel to the oblique 
planes in the figure, until all the sides of the original cube 
are cut entirely away, and the fluor spar is reduced to the 
form of the regular octahedron, Fig. 52. Whatever may 
be the figure of a crystal of Ihia substance, it can always be 
reduced, by cleavage, to that of a regular octahedron; which 
is, therefore, the primitive form of fluor spar. 

95. All known crystals tliat have been subjected to 
cleavage, have been reduced to one or another of the follow- 
ing six primitive forms. 1. The paraUelopiped, including 
the cube, rhomb, and rhomboid, Fi^. 37, 38, 39. 2. The 
octahedron with triangular faces, Fig. 44'. 3. The regiUar 
tetrahedron, Fig, 42. 4. The regular hexahedral prism, 
F^. 41. 5. The dodecahedron with rbomboidal faces. Fig. 
41!. 6. The dodecahedron with triangular faces, — a figure 
formed of two hesahedral pyramids united at the base. Fig, 
45. Of these forms, the cube, the regular tetrahedron, and 
the rea^ar hexahedral prism can never change, \m)i\iis 
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of the others, the praportiom of adea or anglea du^ tuj 
to an unlimited extent, ^ving line to a multitude of difierenl 
figures of the same name. 

96. Th^ primitive forms, though they ore the figum 
of the smallcat possible crystals, do not always represent tt»e 
most minute particles into which the substance of the 
cryntals may be reduced ; for, if a hexahedral prism be 
divided by slices parallel to only three of its alternate ndes, 
it will be reduced to a triangular prism, Fig. 53, and some 
primitive parallelopipedons can be divided diagonally, or 
from comer to corner, and (hen these forms 

also are converted into triangular prisms. 

In this way the particles of every kind of 

matter upon which the experiment has yet 

been tried have been reduced to the three 

simplest classes of ralid forms : 1 . The te- 

tndiodron or trilateral pyramid, with four 

sides; 2. The triangular prism, with five 

ndes ; and 3. The parallelopiped, with six 

sides. These, then, are considered the forms of the most 

minute particles into which the various bodies in nature can 

be divided without separating those which are chemically 

compound into the different kinds of matter of which they 

are composed, and are therefore called the forma of the inlt- 

grant molecules of mailer, 

97. You should be careful not to confus.e the idea of at 
integrant molecvle with that of an afoai. An integranl 
molecule may contain many atoms. Tlius ; blue vitriol is 
composed of suJphuric acid, and what is called an oxide of 
copper. But both these substances are also compounds; for, 
sulphuric acid consists of sulphur combined with a gas or 
air called osygen, and the oside of copper is composed of 
metallic copper and oxygen. Hence; even the integiant 
molecule of sulphate of copper must contain at least four 
atoms — two of oxygen," one of sulphur and one of copper; 
and we cannot possibly divide this molecule without aeparot- 
ing something essential to the very nature of the But)stance, 
or as chemists express it, decomposing the body. If de- 
prived of either of these atoms, the molecule woiJd not be 
sulphate of copper, but some other substance. 

98. You perceive, then, that crystallographj/, as that 
science which treats of the structure of crystals is called, 
does not demonstrale the real figure of Ihe atoms of matter, 
plausible as this supposition appears to the mere mineralt^ist. 
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It ia most cisnsistent with the present state of our knowlt 
to suppose that the atoms of matter are spherical ; nor 
difficult to show how a few spheres may be piled upon eadi 
other so aa to form the various figures of the integrant mol»i 
cules. Place three ordinary playing-marblea on a tabh^ 
ranging them in the form of a triangle, and cause them Mf 
adhere slightly together by usin^ a little soft wax ; thefl 
place another marble in the middle and upon the top of thS 
others. This will give you an idea of the first form of 
molecule — the tetrahedron. Take off the topmost of Ihett 
marbles, and the remaining three will represent the sec^Nli 
form of molecule — the tnangular prism : — and by plociaff 
on these, one or two additional layers arranged in thft 
same manner, thb figure will be made more distinct. Four 
marbles arranged iu a square will display the rectangular 
paralielopiped ; and upon this you can build up the cube, by 
adding another similar layer. If these faviT marbles be 
ranged in a lozenge, they form the rhomboidal paralielo- 
piped ; upon wliich you can erect the rhomb ; or, if you 
choose to make the succeeding layers overlap the hase and 
each other in any direction, the figure will assume the form 
of a paralielopiped oblique in every direction, so that nona 
of its angles will be right angles. This you will best undei** 
aland by actually trying the experiment. — Now, as all ma- 
lerial substances that have been subjected to cleavage asi 
found to be composed of some one of these three classes of 
molecules, all of which may be formed of spherical atomg, 
there is at present no known fact in nature to contradict tlM 
doctrine that atoms are spheres, — a doctrine that many 
philosophers adopt. 
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99. Cokegine A'lraclion.^it has been stated that all 
bodies have a disposition to approach each other by the at- 
traction of gravitation. This tendency is often witnessed 
where it woiUd scarcely be suspected by beginners in the 
study of nature. In calms u]wn the ocean, if two ships hap- 
pen to lie near each other, their mutual attraction causes 
Ihem to approach still nearer, and unless protected from col- 
lision by their crews, they may be dashed against each other 
after a few hours or days. The floating pieces of old wrecks 
are often found collected into groups by the action of the 
same cause. The molecules of bodies, both in the solid and 
liquid states, display attractions having some resemblance to 
the attraction of gravitation, though vastly more powerftd 
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than could be inferred from the effects of gravity at sensible 
distances upon bodies of considerable size. 

lOi). If a highly polished cambric needle be nicely ba- 
lanced upon the tip of a finger, it may be so carefully lowered 
into a tumbler of water as to remain floating upon the sur- 
face: But as the needle is much heavier than water, it 
could not possibly float, were not the mutual attraction be- 
tween the molecules of the fluid sufficiently strong to sustain 
the weight of the steel. Drops of water upon a very hot stove 
often <rather themselves into small globules, and may be rolled 
about by the breath until they are evaporated slowly and 
without apparently boiling. These drops, when small, ap- 
p«'ar of a sj)herical shape ; but when larger, they are very 
much llattened on the upper and under surface. Now, the 
furin described evidently results from the attraction of the 
molecules of water for each other ; for, if any number of 
particles mutually attract each other, they will struggle to 
approach until they become collected as closely as possible : 
tliat is to say : they will get as near to a common centre as 
their nature will permit them to do j and if they are all per- 
fectly free to move, without being acted upon by other 
forces, they must assume the form of a sphere ; because this 
is the only figure in which all parts of the circumference are 
equi-distant from a common centre. But every molecule of 
the water is also drawn towards the earth by its gravity; 
which opposes, to a certain extent the attraction between the 
molecules ; and under the action of these two forces,— one 
tending to draw the water into a ball and the other to spread 
it out like a sheet, it assumes an intermediate figure, very 
much like an oblate spheroid (72). So strong is the mutual 
attraction of the molecules of the common soap-bubble, that 
it will bounce rept^atedly like a playing-ball from the sleeve 
of a cloth coat or a furred glove, before it breaks. Drops of 
quicksilver scattered over a flat table or plate of glass, form 
themselves nearly into spheres, leaving no trace upon the 
surface on which they rest, but do not really touch. If two 
of these globules be pushed very close to each other, they 
rush together and instantly form a single globule. Place a 
large globule upon the face of a smooth mirror laid flat upon 
a table ; lay a pane of window-glass upon it, and pile weight 
after weight upon the glass. In this way you can press the 
globule flatter, but you cannot bring the window-pane down 
to the level of the mirror ; because the molecular attraction 
of quicksilver is strong enough to bear up any weight that 
can be safely used upon such materials. 
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101. These facts are quite auflicient to prove that moiewfl 
cular attraction really cJdstB; but while gravitation Ukei . 
place between bodies however distaot from each other, — for 

it displays itself even between the sun and the planets, — the 
attraction that binds together the molecules of bodies ia - 
never perceived at sensible distances : for this reason, most 
pbilosophers regard it as a different kind of attraction from • 
that of gravitation, and they have given it a pecuhar name . 
— ihe attracHon of cohesion. 

102. Cc^esioa holds together the molecules of any aimpla 
body ; but io many cases, the surfaces of two separate bodies, 
composed either of the same or of different kinds of matter, 
are held together in a very similar way, though generally 
with much less force. Take two leaden rifle or rousket- 
balls, and scrape or cut a clean smooth plane upon some part 
of the surface of each ball : press these planes strongly 
together with a slight twisting motion, and the two tails 
will stick together so strongly that a considerable effort may 
be necessary to separate them, though that efibrt will be 
slight in comparison with the force required to tear asun- 
der a ^ngle piece of lead cast in the shape of the two 
bullets thus united. The " silvering," on the back of a 
looltiogrflaas cannot be removed from the surface of the glasi. 
without hard rubbing, and far greater force is required to de- 
tach the gold from a piece of gilded wire; although, in 
these cases, the coatings are applied simply by means of 
powerful pressure. Two pieces of highly polished glass, 
when preyed together with great force, will sometimes break 
on the attempt to separate them : two pieces of smooth and 
freshly cut india rubber may be united almost as perfectly as 
if they had been, originally, only a single piece, by much 
more moderate force. These are examples of what is termed 
adhesion. It may exist either between similar or dissimilar 
substances. But between different substances, it is often 
found impossible to produce adhesion under most circum- 
slances ; as, between water and hot iron, mercury and glass, 
&C. This latter fact depends upon laws which you are not 
prepared to understand unless acquainted with the science 
of chemistry, and it is introduced here for the mere purpose 
of jH'oying tiiat cohesion and adhesion are not necessarily 
dependent upon the same causes in all cases. 

103. The adhesion of solids for fluids is beautifully shown 
by suspending a window-pane upon four threads gathered ia 
a knot, as represented in Fig. 5-i ; four threads being at- 
tached to the glass by means of drops of sealing-wax. 
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I When this pane is lowei^ 

'fld horizontally until it 
comes in contact with the 
water in a basin, it wiU 
be found that considerable 
ibrce is requisite to r 
it from the fluid surface i 

I and when so raised, a por- 

I tion of the wator will be 

f found still adhering to the 

I tmder surface of the glnss, 
although the weight of this 

L vater will not at all ac- 
count for the resistance offered against the separation. These 
fects distinctly prove that the cohesion of the parliclea of 
wafer to each other is very considerable, but that the ad- 
hesion of water to glass is still stronger. 

lO*. Capillary at/raction. — If the inside of a tumbler 
be moistened and then nearly tilled with water, the liquid 
will be found to rise up at the edges, into the form of a 
beautiful curve, leaving the rest of the surface slightly hol- 
lowed out. Here it is evident that the ^lass attracts the 
water for a certain distance, and as the moFeculeH nearest to 
the glas; are thus elevated, those at a still greater distance 
must follow them to a certain extent, in coosequence of the 
attraction of cohesion which binds them to each other. 
Balanced between the attraction of the glass with the co- 
hesion of its own molecules on the one hand tending to 
raise it up, and its weight or gravity on the other tending to 
drag it dow n, the m ater assumes thi cut\ ilinear form 

lO*) It IS not ntcessary that the glass bhould be round, 
in order to render this variety of attraction obvious , lor, 

L on dipping a flat pane of 

I window-glass, previously 
moistened, into a basin or 
liucket of water, jou will 

' observe that the f ' 

I into a similar cur^e on 

I e&ch side of the pane 
Procure two panes of 
glass, moisten them, and 
bnng them together in the 
posiGon represented in 
Fig 55, with two of their 
■ 1 contact, the two 
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part of bo^^H 
ratpr io thi« ^^ 




opposite edges slightly parted, and the lower part c. 
panes plunged into a vessel of water. The water i 
experiment, will rise highest between the panes where they 
ire nearest tog;cther ; assuming the curvature represented in 
the ^ure from A to B. 
To vary this experiment, 
Aoose B set of glass tubes 
of different diameters, Fig. 
56, moisten them and 
[dunge them into & basin 
of water. The fluid will 
rise in all the tubes alfove 
the surface in the basin, 
but it wiil rise in eacli to 
a height inversely propor- 
tional to the diameter of 
the tubes. 

lOfi. The effects of this kind of attraction were first 
observed and are still most remarkable in very fine tubes, 
with cavities aa small as hairs; and hence it has received the 
name of cnpillary aitraction from the Latin word capilla, 
a hair. 

lOT, Capillary attraction prevails between alt fluids and 
any solids to whacli they are disposed to adhere. If a glass 
he very dry or dusty,the cohesive attraction of the molecujej 
of water may be stronger than their dispoaition (o adhere to 
the glass; and in that case, the fluid near the glass will sink 
below (he general surface, and instead of an upward curvature, 
as in Fig, 53, we shall perceive a downward curvature 
towards tile glass; the neighbouring wafer endeavouring to 
assume the spherical shape. This is often beautifully dis- 
played when a glass vessel is filled above the brim, at the 
moment before it ovf rflows. The water is then piled up above 
the edge ; but the moment a finger is brought into contact with 
the fluid very near the edge, the greater tendency to adhesion 
between the human skin and the water draws it across 
and moistens the edge of the gloss; thus establishing Ibe 
capillary attraction between the brim and the finger. This 
attraction continues without the aid of the finger when the 
glass is once moistened ; and the wnlcr will continue to over- 
flow until the surface sinks as much below the level of ttie 
vessel as it previously rose above it ; the convex surface 
becoming concave. The same principle esplains the floating 
of a needle upon water and the globules formed upon a hot 
stove (100), the prjwcr i>f spiders and other insects to wa.\tw\ 
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water, &c. You will always observe, in the case of the 
needle and the insect, that the fluid aroiind the bodiei 
pressing upon the surface rises into a convexity on ail sides, 
leaving the pressure in the middle of the hollow; and joa 
will learn hereailer that the whole bulk of the cavity is 
alwavs sufficient to contain water enough, if filled, to equal 
the floating body in weight. A spider on the water, staod- 
ing on his eight legs, is really sailing in eight little boati 
formed by the cohesion of the water; and if his weight 
exceeded by the merest trifle, the buoyancy of the largest 
boats that this cohesion can build, he would 
instantly sink. Mercury has a much stronger 
cohesive attraction, and is much less prone to 
adhere to glass ; and the eflect on the surface pro- 
duced by the immersion of a glass capillary tube 
sunk into mercury contained in a glass vessel is 
clearly displayed in Fig. 57, where the fluid in 
the tube stands far below the level. These facts pij. 57. 
are sufficient to show the close connexion gene- 
rally existing between cohesion and adhesion. 

108. As the power of capillary tubes increases inversely 
as their diameter, it becomes very great when the tubes are 
very small. The following are familiar examples of the 
agency of this power. The larger passages in a piece of 
sponge thrown into a shallow dish of water elevate the fluid 
but a short distance ; but the finer passages convey it to a 
very considerable height. The intervals between the par- 
ticles of loaf sugar carry dampness into the mass to a height 
proportioned to the closeness of the grain of the loaf. A 
lamp-wick, properly dressed, supplies sufficient oil to the 
flame from a depth of several inches ; but if it be twisted too 
tight, though it may carry oil from a greater depth, it 
cannot yield a sufficient supply, owing to the smallness of 
the passages : while, if its texture be too loose it fails to 
raise the oil sufficiently. A piece of thread placed with one 
end in a vessel of water of moderate depth, and the other 
allowed to hang down below the vessel on the outside, will 
carry the wat( r over the edge by capillary attraction, and 
will then empty the vessel by drops: In this manner a 
damp bandage may be made to carry cold water constantly 
to the lips or inflamed limb of a patient lying ill in bed, 
from a vessel upon a table by the bed-side. The sand upon 
a beach is always kept wet by capillary attraction, for some 
distance above the tide — giving life to multitudes of 
n^mute marine animals which would be exterminated by 
''n(>rrii(>s wrn^ <hov to venture into the free element. 
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109.. The heiffht of a fluid in irreguiai capillary tubes in 
^termined by .the diameter of parts of the tubes in which 
ie fluid finds, its level, and not by their size between that 
x>t and the general surface of the fluid in the reservoir. 
hu8, in all the little vessels^ represented in Fig. 58, various 
i is the form of the parts which touch the surface of the 
uid in the reaejrvoir, this fluid will rise to the same height, 
ecause the little tubes are all of the .same diameter at ^eir 
ipper part. But, of course, in the vessels A and B, if the 
.ower portions Were too wide to draw the fluid completely 
lip to the commencement of the narrower part, the height 
would be determined by the diameter of the wider portions. 





Fig.58. .. Pig.M. 

If the end of a funnel with an extremely narrow orifice be 
made to touch water, it will become filled to a certain ex- 
tent $ as represented in Fig. 59 ; and the height will be the 
same as if the end of the funnel were a tube as wide through- 
out as the fluid at the surface : but if the orifice be very fine, 
so that a long tube of the same diameter would attract into it 
a column of the whole height of the funnel, this vessel may 
be entirely filled when the orifice is removed from the reser- 
voir and is held freely in the air. For the same reason, when 
a very small orifice is made in the bottom of a bucket the 
water will not escape, even if the bucket be filled. 

110. Capillary attraction plays an important part in the 
living economy of plants and animals. . The extremely deli- 
cate tubes or cavities, called vessels, in the substance of a 
tree, have much to do with taking up from the ground the 
moisture and other nourishment of the plant. The food of 
animals is" reduced to a fluid state by digestion, and the 
organs of digestion have their surfaces covered by incalcu- 
lable multitudes of little vesselsy more delicate than the pile 
of velvet. Whether these vessels actually open upon the 
siurface or not is still a disputed question, but that the 
digested fluids do actually enter them is well known, and 
thoxigh it is by no means certain that capillary attraction 
is the only cause of this taking up of the food, there 
5 





50 ATTRACTION. 

can be no doubt that it powerfully 

aids in the process. If the larger end 

of one of these vessels, with several 

hranclies of diflVrent sizes, were placed 

ill contact with water ; as in Fig. 

00: the fluid would rise in each 

brancli to al)out the height represented 

Lv the sliadins:. When once admitted 

into these tubes, the fluids produced by '"** "* 

di^i'stion are made to circulate by other arrangements, the 

study of which is not considered as belonging to natonl 

philosophy. 

111. Capillary attraction may produce singular motions in 

bodies floating u}X)n the surface c A b 

of fluids. Fig. 61 represents 

a section of a vessel of water, 

ufwn the surface of which float 

three pieces of cork. A, B and 

C. The surface of the fluid 

is changed from its level into 

several curves by the attrac- Fig. 6i. 

tion of the sides of the vessel 

and the pieces of cork. A and B being near together, act like 

the two panes of glass in Fig. 55, and cause the water to 

rise hightT between these corks than it does between either 

of them and the sides of the vessel. 

1 VI, These corks, being moveable, and compelled to sup- 
port the weight of the water thus elevated between them, 
are brought together hy the reaction of this weight much 
more ibrcibly than they would be by their mere gravitation 
towards each other. For the same reason, a cork or a group 
of corks thus floating in a vessel, will be gradually drawn 
towards the neoivst part of its margin, with constantly in- 
creasing speed, until they rush or are lifted up the curve 
where the water rises against the side, and will take the 
position represented at C, in the figure. This is the reason 
why motes floating in a tumbler are soon collected around 
the edge of the water instead of being equally spread over 
its surface. 

1 1 3. Whether cohesion, adhesion, and capillary attraction 
are produced by some one general cause, and whether that 
cause is analogous to gravitation, are questions upon which 
philosophers are still undecided^ but their similarity in 
many respects renders it by no means improbable that, at 
some future time, they may be proved to be identical. 
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POROSITY OP BODIES. 

114- Porosity of hadies — Molecular repulsion, — The 
xnoleculejs of bodies are not in contact with each other, 
ho^veVer dense and Hard the bodies may be ; for, the par- 
ticles may always be made to approach each other by sim- 
ple cooling.' Cold contracts, and heat expands all bodies, 
"With two or three apparefnt exceptions. Thus; let an iron 
bar be exactly fitted to a "metallic ring, when they are both 
at the usual temperature. If the bar silone be heated in the 
fife, it will become visibly enlarged, and will no longer 
enter tbe ring. If it be then cooled in ice, it becomes con- 
tracted and will no longer fill the ring. If the ring be 
heated instead of the *bar, it will hang loosely upon the bar ; 
but if cooled in ice it contracts and refuses to admit the bar. 
Yet, in these and all similar cases, the weight of the bodies 
remains unchanged. From these facts, it evidently follows 
that the molecules and, probably, the atoms of bodies are 
never in contact, but are kept asunder by heat; which seems 
to cause a repulsion between them, overcoming, to a certain 
extent, their attraction of cohesion. Their distance from 
each other is, therefore, regulated by the balance between 
these contending forces. We know no limit to the degrees of 
heat and cold, or to the expansion or contraction of bodies 
under their influence. We may therefore conclude that 
there are always intervals between the particles of matter ; 
or, that porosity is a property of all substances. Let us 
illustrate this fact.- 

115. Cork, when long immersed in water, imbibes it like 
a sponge. Wood does so likewise, and sinks at last by its 
increased weight : thus wrecks often finally disappear. The 
butt of a hard, green hickory log shows you visible passs^es 
for the sap. Chemical substances can be forced into every 
part of the heaviest timber, so as to preserve it -from decay. 
Meat is thoroughly salted almost immediately by tying it up 
in a close bag of pickle, and sinking the sack with a rope 
attached to it, deep into the ocean ; the great weight of the 
water forcing the fluid into every pore, without bursting the 
bag. By the Bramah press, water may be forced through 
the pores c^ iron or even gold. 

116. Sugar, salt, and many other substances are dis- 
soloed when thrown into water : their molecules are sepa- 
rated and diffused through the fluid ; yet in general, the solid 
substance and the fluid, taken together, occupy less space 
after than before the solution; proving that the dissolved 
particles must enter the pores of the fluid as sand or saw- 
dust enters a box full of grapes. 
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117. It is obvious, th^n, that bodies are not impenethible, 
though matter is so. It is only the atom that is impeaetn- 
ble, because it is only the atom that is matter/ aQd bodies 
contain both atoms and spaces, £ven the molecules are not 
impenetrable : thus, when vitriol is poured upon chalk,—- 
every molecule of which is composed of at least two kinds 
of matter, carbonic acid and lime, — ^the vitriol penetrates 
and divides the molecules of chalk, seizing upon that part 
of them which is composed of lime, to form with, it new 
molecules, while those parts which are composed of carbonic 
acid become independent simpler molecules, which repel 
each other, and fly away in the form of gas or air. Heat 
alone, often thus decomposes compound molecules ; as when 
gunpowder is fired; and had we instruments sufficiently 
hard and sharp, we might decompose them by division ; but 
nothing can decompose an atom. When you drive a nail 
into wood, thrust your hand into water, or wave a s\*'ord 
through the air, you do not really penetrate these substances. 
You only separate their molecules and penetrate the spaces 
between them. 

118. Philosophers generally attribute the repulsion of 
molecules or atoms, not to the atoms themselves, but to ^hat 
is commonly called heat^ which they regard as a kind of 
matter too light to be weighed and too. thin to be. seen, that 
is combined in different quantities with all other matter ; its 
particles repelling instead of attracting each other, and thus 
constantly tending to force asunder the particles of other 
bodies to which they adhere, until the mutual attraction of 
the latter particles balances the repulsion of the heat. As this 
supposed agent, Aea/, is interested in all subjects and experi- 
ments connected with natural philosophy, our language in 
relation to it must be made clear to the student. 

119. The word heat is commonly applied without, dis- 
tinction to the peculiar sensation produced by touching a hot 
body, and to the cause of that sensation. Philosophers, 
whose language requires great accuracy, adopt a different 
term to signify the cause of the phenomena vulgarly attn- 
buted to heat. They call it caloric. 

120. Some theorists, indeed, consider all the phenomena 
usually attributed to caloric as so many results oi a peculiar 
kind of motion among the particles of matter : but the other 
hypothesis, (118) though it admits not of positive proof, is 
much more convenient for beginners, and it is therefore 
adopted in this little work. 

121. Caloric can no more be collected into a tangible body 
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than can the- light of the stara ; and we could weigh the 
beams of the mui as readily as the warmth of the fire : but, 
■eeing the one and feeling the other, it is difficult not to be- 
lieve that both light and caloric are composed of matter. 
Because they can not be weighed by any known means, 
these and scHne other agents are called imponderablesy and 
the matter of which we suppose them to be form^, impon* 
derahle matter. In many of their properties these impon- 
derables .so resemble each other that some theorists suspect 
them of being only varied effects of the same zeneral cause. 
At present, however, we must regard them as distinct natural 
agents, although we may sometimes employ the phenomena 
of one such agent to illustrate the properties of another. 

122. If an opaque body be pla^ced between the sun and 
any material substance, it casts a deep shade, and is said to 
" stop the light.** If the body be a mirror, much of the light 
which is thus stopped obviously rebounds like a playing-ball 
from the surface, and appears to emanate from the mirror 
itself; being turned back or reflected therefrom. 

123. But reflected light is always weaker than that which 
comes directly from a luminous body : showing that a por- 
tion of light disappears at each reflection. Again ; if you 
try the last mentioned experiment with a rough, dark body 
in place of the mirror, the shadow is as deep as before, 
but you find that scarce any light is reflected. What 
becomes of the light that disappears in these cases ? This 
question may be plausibly answered by means of facts drawn 
from the history of light ; but, as the phenomena of light and 
caloric are similar in such cases, it is most convenient to 
illustrate them by analogy from the history of the latter 
agent. 

124. While holding one end of a rod of glass, five or six 
inches in length, you may heat the other extremity to red- 
ness in the flame of a large lamp, yet your hand still receives 
no impression from the heat. But should you try a similar 
experiment with a piece of iron wire, you would be com- 
pelled to drop the hot metal in a few moments. These facts 
may be explained by supposing that caloric is conducted from 
molecule to molecule with great facility along the metallic 
wire, but with difficulty along the glass. The metals are said 
to be good condvctors of caloric, and glass is said to be a bad 
conductor, 

125. But caloric may be transferred from one body to 
another much more rapidly. It shoots out in all directions 
from a heated body, like light from a candle, firing yows 

5* 
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hand within a few inches of a redhot bar from the foige, 
and tho hrat will be instantaneously intolerable. This rapid 
niude of travelling is called radiation^ and radiating caloric 
is capabh* of boing reflected or made to disappear in the 
same manner with light, under the circumstances already 
notici'd. Wo may therefore infer what becomes of the 
light in the cases mentioned in paragraph 123, by ascei^ 
taining what becomes of the caloric under similar' circum- 
stances. 

126. If a polished body which is a bad conductor of heat 
bo placed between an observer and a hot stove, the caloric 
rarliating from tho stove will be arrested by the body, at 
least for a time — the observer will he ^^ shaded from the 
hcnf.^^ Let him then place himself in front of the body, and 
he will find tho caloric thrown strongly back upon his 
person, as though the* body were itself nearly as hot as the 
stove. Yet the quantity of caloric thus reflected is not 
equal to that radiated from the stove to the reflecting body. 
On f(H»lint; the latter it is found to become warmer as the 
experiment is continued. If thv body bo a good conductor 
of heat, much less caloric is reflected by it, and it becomes 
rapidly holler. If its surface bo rough, the quantity of 
refl(*clion is still further diminished, and the lx)dy itself 
becomes so hot that it radiates caloric from its own surface 
nearly as fast as it is received from tho stove, and can no 
lonorer " shade tho observer from the heat." 

i'27. No known substance reflects all the heat or all the 
light that falls upon it ; and hence if these imponderables be 
really material, there must be an attraction between their 
molecules and those of all other bodies, causing a portion of 
them to be absorbed into the interior of these bodies bv 
attraction. This form of attraction, then, is one of the 
properties of light and heat, and probably of all other impon- 
derable matter. 

128. If a candle and a heated ball be placed in open 
space, both the caloric or the light difluse themselves by 
radiation in every direction. Lot A, Fig. 62, represent a 
candle, and B, C, D, E, four parallel boards set upright upon 
a table, ranged at the distances of one, two, three and four 
foot from the light respectively, and let a hole of one inch 
square be cut in tho middle of the first board, as represented 
in the figure. In this experiment, thi' light spreads equally 
in every direction from the candle, and that portion of it 
which falls ujwn the hole passes onward until arrested by 
the board C. But C is removed to twice the distance of B, 




and consequeHtly, the part illuminated upon the nirfkce of 
C it twice as long and twice as broad aa the hole in B : tbat 
is, it measures four square inches. Take away the board C, 
and the light will pass on (o D, which being at three times 
the distance of B, the surface illuminated upon this board 
will be three times as wide and three times as long as the 
hole, and will measure nine square inches. Take away the 
board D, and, for the same reason, sixteen square inches of 
surface will be illuminated on the board E. It follows, 
then, that when light radiates from any centre, the space 
which it illuminates at different distances varies direciti/ sa 
the square of these ■distances (Note, p. 37). Biit the strength 
or tnfenRt'^ of the light becomes less in proportion to the 
space over which it ia spread: therefore this intensity varies 
iftncrnclg as the square of the distance. Repeat the same 
experiment with a heated bail, in place of the caniUe, and 
it will be found that the caloric radiates and becomes weak- 
ened by distance, in precisely the same manner. 

129. According to the doctrine that (he imponderables are 
fluids, their particles have a strong repilsion for each other, 
and dart out into free space, from bodies discharging them, 
in straight lines, and in every direction, like radii from the' 
centre toward the circumference of a sphere, 

130. In the preceding paragraphs, we have chiefly c 
sidered caloric in only one of its states or conditions — that 
in which it is free to fly off by radiation, or to be conveyed 
from particle to particle along conducting bodies. In this 
state it ia called _/pFe or sensible calorie, and when it c 
into contact with a living being, it produces the scnsatio 
heat. But caloric exists in bodies in a condition. in which* 
it cannot affect the senses : but this will be better understood 
after an explanation of the construction of the therrxomeler 
or heal-mrasiirer. 
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131. The common thermometer coumsts of ■ 
glass tube containing mercury, A, Fig. 63. When 
the thi-rmometer is made, the mercury is boiled, 
30 as to drive out all moisture and air, and the 
small end of the tube is sealed while the mei^ 
cury is still hot, so as to fill it completely. When 
cooling, it contracts, and the part of the tube 
which is not filled contains nothing : it is a va- 
euti'H. In this instrument, the slightest increase 
of temperature expands the mercury, caunng 
it to rise in the tube, while the slightefit cooling 
contracts it and causes it to fall. A scale is . ... . 
adapti'd to the tube,andbythe height of the mer- HII I ' 
cury within, as measured by this scale, we can 
dettrniine very exactly the temperature at any 
moment. 

13:!. I'jace a metallic vessel upon a stove, 
warm enough to keep a kettle boilmg. Nearly 
Jill this cup with cold u'ater, and, put into it the 
bulb of a common thermometer. The mercury 
in this thermometer will continue to rise, until- 
it reaches the 212th degree of the scale, when 
the water will begin to boil. This clearly shows 
that caloric is constantly conducted by the vessel 
from the stove to the water; and this stream of «(.«>. 
caloric must continue to flow into the water after as well u 
before it begins to boil. Hence, you would infer that the 
water must continue to grow hotter : but this is not tbe 
case. From the moment that boiling commences, the mer- 
curji remains unmoved at 212 degrees, until the water if 
entirely " boiled away." But as this requires a great deal 
more time than is occupied in raising the temperature to the 
boiling point, it is plain that a great quantity of caloric must 
enter the water, during the process of boiling,' without in- 
fluencing the temperature. What becomes of this calorict 

133. You will probably answer that it is carried off by 
the dtoam. But the steam is already heated to 212 degrees 
when first formed from the water : if then it carries off with 
it all the heat that continues to stream into the vessel from 
the stove in the foregoing experiment, it must carry off 
omch more than 212 degrees of caloric, and we should 
^xpcct to find it much liotter than the water. Yet if you 
"JMely cover a vessel of boiling water and insert the bulb 
^ B Uiermometer through the cover, the mercury will stand 
"^ the same height of 212 degrees whether the bulh be sui^ 
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funded by the steam' or plunged into the water. What, 
ten, becomes of the surplus caloric carried off by the steam ? 
is easy to prove that this caloric is conveyed away by the 
earn, in a condition which renders it incapable of affecting 
le senses, — in a condition in which it is called latent or 
laensible by many philosophers. 

134. When steam is cooled to a point below 212 degrees, 

; is <Hice more converted into water. Hold any cold body 

1 the steam issuing ircHn a kettle of boiling water, and you 

irill find that it instantly becomes wet, being covered by 

irops of condensed steam : but, at the same time, the body 

becomes hotter very Tapidly, although the water deposited 

upondt preserves nearly or exactly the same temperature of 

212 degrees. Whence does this body derive its increased 

temperature ? certainly, it must be from the steam, although 

tiiis ]3tter has lost little or no sensible or free caloric. 

Steam in cooling, then, must give out a quantity of caloric 

in the free state, which previously existed within it in an 

insensible or latent state. Whence did it procure this latent 

heat 1 Assuredly fix»m the fire or stove while the water was 

boiling without growing hotter (132). Here, then, you find the 

reason why steam remains at the same temperature with the 

water firom which it is formed, though carrying off with it 

a continually increasing amount of caloric. It renders the 

caloric latent. 

135. Let A, Fig. 64, represent a glass vessel, called a 
retort J containing a pound of water, communicating by 
means of a bent tube with the bottom of another glass vessel, 
B, called a receiver^ in which. there are four pounds of 
water. Suppose that the water in the retort is made to boil 
by means of a lamp, as represented in the figure. The 
steam renders latent all the heat received from the lamp, 
and passing through the tube into the cold water in the 
receiver, it becomes itself condensed into water, giving out 
this latent heat in a free form to the whole contents of the 
receiver. Now, it is found that, when the whole of the 
water in the retort has been boiled away, there remain ^\% 
pounds of water ifi the receiver, at a temperature of very 
nearly 212 degrees; as shown by the thermometer C, 
attached to the apparatus. To boil away a given quantity 
of water at the ordinary temperature therefore requires an 
amount of caloric at least as great as that which would raise 
five times the quantity to the boiling point; and three- 
fourths at least, of the excess of caloric in steam over that of 
boiling water is latent and insensible — ready to re-appear 




> 



snd he made useful whenever and wherever the steam n ^ 
be condensed. Thua; by means of a boiler and tubes, Eteunu 
conveyed to all parts of lai^e buildiiigs, being conlinualh 
condensed and giving ont its latent heat to the tubes, whioi 
radiate it in all directions to warm the inmates, while tba 
hot water thua formed trickles back into reservoirs uid ii 
returned to the boiler ready to be re-converted into steare. 
In this way the " heat " so called, of a fire is carried off bj 
steam, to cook proviaons, warm baths or cauldrons, and 
answers a thousand useful purposes where the fire itself 
cannot be carried. 

136. Now, suppose that, instead of heating the water w 
the metallic vessel (132) you place it ina situation colder thu 
the freezing point of water ; the thermometer will then grad- 
ually fall to that point, which is at 32 dgreees of the common 
scale. The water will then begin to freeze ; but althougk 
caloric is continually radiating from it into the coid« 
atmosphere, the mercury will fall no lower until all thf 
water is firazen ; because water contains a great deal more 
caloric in the latent state than ice, and, in freezing it gives 
Ibis out in the form of free caloric, keeping the water Mid 
the ice at the same temperature till the former is all con- 
gealed. If we reverse this experiment by plunging the 
thermometer in a cup full of powdered ice placed on a. hot 
stove, the mercury will remain at the height of 32 degrees 
tilt the ice is all melted. 

137. What we have said in relation to water is equally 
true of all other ponderable matter. There is no known 
^bstnnce so solid that it may not be melted by heat, and 

i very few that have not been melted by art. In 



there a 
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le same manner, a continued increase of temperature would 
b last convert any liquid into an air or gas. By art we can 
eadily boil away even some of the metals, and in the craters 
r volcanoes far more unyielding substances are found to be 
onverted into vapour. On the other hand, we know very 
sw liquids that cannot be rendered solid or frozen by art. 
lecentiy,.'oae of the most permanent sirs or gases — ^that 
trhich escapes from champaigne wine, cider, beer, &c. — ^has 
keen ccx&va^ed into a solid mass, so as to be handled and 
iroken in pieces. 

138.; "Wnenever any substance passes from the solid to the 
limdd €JX &onx the liquid to the aeriform or gaseous state, 
cuoric is idMorbed and rendered latent or insensible \ and 
whenever a substance passes from the aeriform to the liquid, 
or from the liquid to the solid state, caloric is rendered free 
and sensible. 

139. It is safe then to conclude first, that all ponderable 
m^ter may exist in either of three states; the «oZi<{,theZi9t/te{, 
and- the gaseous or vapoury ; second, that the actual state 
in which the body may be found depends upon the quantity of 
caloric, and chiefly of latent caloric that it contains. If the 
temperature of the earth were to be raised to a sufficient 
degree, the most solid portions of the globe would first be 
melted and then boiled away until nothing remained but one 
vast mass of gas or vapour, through which the stars of night 
would shine clear and scarcely dimmed, as they now do 
through the tail and sometimes through the body of a comet. 
If, on the contrary, no more caloric were received by the 
earth from the sun or any other source, it would become 
gradually cooled by the radiation of its heat into the un- 
bounded space around it, until all the liquids and even the 
gases, including the atmosphere or air which we breathe^ 
would be congealed — frozen— contracted — and this vast globe 
would shrivel into a little ball, probably much smaller than 
the smallest of the planets that the astronomer brings into 
view by the aid of po\yerful telescopes. Nor would such 
changes require either a very great or a very wonderful dis- 
play, of Almighty power. 

140. There is one effect of the change of the quantity of 
latent heat when bodies pass from the liquid to the solid 
state, or the reverse, that ought not to be passed over. You 
have been told alresidy that there were one or two apparent 
exceptions to the law that heat expands bodies and cold 
allows them to contract. The most important of these ex- 
ceptions is presented in the history of water and ice. If 
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water be taken at the boiling point — ^212 degrees— ^md be 
gradually cooled down to the freezing point— 32 degrees- 
it will be found to contract according to the custom of other 
bodies, until it arrives at about 42 degrees of temperature; 
but after reaching this point, it begins to expand again, and 
continues to do so until it arrives at the freezii^ pdlit 
Again, in the act of freezing, water expands with videiiee 
sufficient to split the most solid rocks or burst a cannon. 
After the ice has once been completely formed it again be- 
comes subject to the general law ; for it will contxact wiA 
cold and expand again with heat. Some pupils will be 
startled with the idea of cooling ice, but this is easily done, 
for even the air in the winter is so cold that the mercury in 
the thermometer will fall very far below 32 degrees. Let 
us suppose that on some evening after a spell of warm 
weather, the air suddenly falls to 0, or what is called 
the. zero of the common scale, and that during the night a 
large pond of water is frozen over. Of course the ice inll 
be reduced to zero in temperature, and will be contracted to 
a corresponding extent. Now, if on the succeeding day the 
mercury should rise to 32 degrees, the ice will expand so 
much that it becomes too large for the pond, and will be 
pushed up to some distance all round the shores, perhaps 
ploughing the mud or moving the pebbles as its edges are 
forced upon the land. But if the pond has been frozen whwi 
the mercury stood at about the freezing point, and during 
the succeeding night the mercury has suddenly sunk to zero, 
the old ice will contract with the cold until it no longer 
covers the pond, and next morning you will find an entire 
margin of new ice surrounding all the shores like a ribbon. 
14^1. We are unable to explain either the changes in the 
density of Mater between the temperatures of 32 and 42 
dt^grees, or the expansion of ice in the act of freezing. That 
l)oth these phenomena are caused by a singular modification 
of arrangement among the molecules is obvious; but this 
(exception to a general rule does not destroy the rule ; for, it 
is found that, generally, even ice and water themselves are 
subject to the rule. We must be contented at present to 
rt?ceive the fact without reasoning on the cause, while we 
admire the beneficence of Providence in making the excep- 
tion. Had it not been made, the greater part of the tempe- 
rate portions of the earth would be uninhabitable by man — 
spring and autumn would scarcely exist — and we should be 
hurried from the extreme of winter to that of summer and the 
reverse, almost upon the instant. But let us explain. After 
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? the antumiuil equinox, the sun apparently traveli fouthward, 
-: .and shines more and more obliquely upon the northern half 
r of the world. The earth then radiates more caloric during 
*: the night than it receives during the day, which becomes 
: omtinually shorter. As the earth is cooled on the approach 
of winter, the surface of the heated waters of lakes, rivers, 
nd the ocean give out a portion of their warmth to the air, 
and thus render the climate much more moderate. As the 
water becomes more dense by cooling,the particles sink, and 
the warmer liquid from below rises to give off its heat and 
sinkin its turn. But the quantity of sensible heat given off 
by this process is small *, and if this circulation of particles 
were continued, the whole depth of the ocean, and the rivers 
and lakes would soon be reduced to 32 desrees-r-the freezing 
point — at which temperature nearly all their inhabitants 
would cease to live. The surface of the water would then 
begin to freeze, and, giving out its large supplies of latent 
caloric, would act as it now does, in rendering the climate 
milder and preventing a polar frost in temperate countries,at 
least during a. few years. But the ice, were it not for its 
expansion in freezing, would be denser than the water, and 
would sink to the bottom as soon as formed ; the sun re- 
turned northward in the spring would then find no floating 
ice to be melted by its rays, and thus to absorb its increasing 
heat by converting it into latent and insensible caloric. 
Thus then the weather would become rapidly warmer, 
evaporation would take place to a far greater extent, and 
the climate would be rendered hot and damp. Meanwhile 
the cooler water from the depths could not rise up to absorb 
any part of the heat, nor could the ice beneath it be melted ; 
for water, though it readily conveys heat by the circulation 
of its particles in the manner above described, is one- of the 
very worst conductors of caloric when its particles are at 
rest ; and the particles of the upper portion of the water being 
warmer, and therefore lighter, could never descend as they 
now do, the moment that the water is cooled to 48 degrees. 
Each succeeding winter, then, would add to the quantity of 
ice in the depths of the sea and great lakes until the broad 
expanse of ocean in our latitudes would become one great gla- 
cier of solid ice, its animals would die, and the chief effect of 
the summer sun would be to melt — ^heat — evaporate — almost 
to boil the surface for a time, while its warmth would pene- 
trate but a few feet in depth. Thus j a sweltering midsummer 
day would probably succeed a night of cold and mist. When 
the sun began to retreat once more to the southward, the cli- 
6 
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mate of Pennsylvania would be far more terrible than that of 
Palmer's Land or Nova Zembla. But now, when the heat of 
summer declines and the waters are reduced to the tempen* 
ture of 48 degrees, all additional degrees of cold serve onlj 
to expand the liquid at the surface and cause it to float lite 
a blanket over the fish and other aquatic animals, preserving 
them against any greater severity d the climate. Soon after 
this, the waters of the surface are reduced to the freezing 
point ; the ice,in forming,liberates inunense quantities of the 
caloric previously latent in the water, and, by expending in 
freezing, continues to float ; thus remaining' always in r^di- 
ncss to moderate the heat of the approaching sun in the spna% 
—often molting during the day to prevent oppressive warmth, 
and freezing again at night to prevent oppressive cold. To 
this property of water, added to the effect of the alternate 
evaporation and condensation of the same fluid, we owe the 
beautiful succession of the seasons. 

142. The three general states or conditions of matter; 
the solid, liqvid and aeriform. — ^In the present state of 
our knowledge it would be wrong to assert that the por- 
tions of the molecules of bodies are determined exclusively 
by the balance between the repulsive power of caloric 
and the attraction of gravitation or cohesion. These con- 
tending forces do not clearly account for the regularity 
of the arrangement of molecules observed .in crystals, and 
the changes of arrangement among the atoms of compound 
substances that seem to convert one kind of matter into 
another; as in the case of the explosion of gimpowder. 
These latter changes are attributed to other forces, called 
elective attraction and chemical ajfinity, the consideration 
of which belongs to the science of chemistry. But, so long 
as the molecules of any substance continue unchanged in 
nature, the various general states or conditions of matter ex- 
cept the crystalline slate may be very well explained by the 
balance above mentioned. 

143. The solid state, — When the cohesive attraction of 
the molecules of a body is so much stronger than the repul- 
sive force of its latent and sensible caloric that the mole- 
cules cannot be moved upon each other without difliculty, 
the body is said to be in the solid state, or, in ordinary lan- 
guage, it is called a solid : — as, ice, clay, charcoal, &c. 

144. When a body contains so much caloric that the 
repulsive force of this agent separates the molecules far 
enough to allow them to move very freely among them- 
selves, without mutual interference, the body is said to be in 
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ike fiML Miate^-orf it is termed simply a Jiuid ; as, water, 
aijPy wine, steam, &c. 

145. The liquid state. — When the repiilsiye power of 
the caloric does not entirely overcome the attraction of cohe- 
non in a fluid, but allows the body to gather itself into drops 
ar fflobules by capillary attraction ; as in the case of water 
ind mercury ; the fluid iff said to be in <&e liquid <f<ite— or it 
is simply called a liquid. „ 

li$. The aeriform slate, — When the quantity of caloric 
in a fluid becomes so great that the cohesive attraction is en- 
tirely overcome and the particles appear to repel each other, 
like those- of caloric itself, so that they would expand or 
leparate to an indefinite distance if not held within limits by 
some force exterior to the body, the fluid is said to be in 
the aeriform state — or it is simply called a vapour or gas ; 
as, steam, atmospheric air,- &c. The term gas has been 
usually confined to those aeriform fluids which are not re- 
duced to the liquid or solid state by ordinary degrees of cold, 
and the term vapour is applied to those which assume one or 
both these last conditions on becoming chilled. Common air 
18 an example of the former class, and steam of the latter ] 
but this distinction is purely artificial. 

147. Peculiar states or conditions of matter, — ^There are 
several other important varieties in the state or condition of 
bodies, besides the solid, liquid and aeriform states, giving 
rise to peculiar properties very observable in certain bodies, 
though but partially, if at all, displayed in others. These 
properties also appear to result, at least in a great degree, 
from the balance between the repulsive and the attractive 
forces, modified, perhaps, by the shape and the arrangement 
of the molecules. 

148. Hardness, — When the cohesion of the molecules is 
so firm that considerable force is required to cause them to 
move one upon another, the body is said to be hard. The 
atoms of all bodies are probably perfectly hard, because, being 
indivisible, they cannot be torn to pieces, and we have no 
reason to believe that they can be pressed or squeezed out 
of their regular shape by any force whatever :— but there 
exists no body that is perfectly hard ] because all bodies may 
be indefinitel yjUff tded. 

149. The jpKerty of hardness^ which is found in greater 
or less degree in all solid bodies, does not appear to be at all 
dependent upon density ; for, gold, silver and lead are far 
more dense than glass ; yet cold glass will cut or scratch any 
of the metals with great ease. Flint has less density IWjl 
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glass ', yet the former will scratch the latter. Bodies gen^ 
rally become less hard when heated. Thus : cold iron veiy 
easily cuts hot glass. The diamond and sapphire are tlM 
hardest of all known substances. 

150. Tenacity. — When the cohesion of the nwleculesii 
so strong that considerable force is necessary to pull them 
apart, the body is said to possess the property of fenaciff. 
This may be tolerably well defined by the common word 
tovghness. Tenacity does not depend upon hardness ; for it 
is possessed even by liquids which permit their particles to 
move one upon another with great freedom. Molases, 
though very soft, has considerable tenacity 3 melted glue hai 
much more ; nor is the property absent even in water, as is 
proved by the force required to lift a plate of glass from the 
surface of a basin (103). Steel is the most tenacious of all 
known bodies : for it will support the greatest weight with- 
out breaking. Many bodies are composed of collections of 
grains which do not cohere very strongly, yet each gnin 
may be possessed of great hardness and great tenacity. 
Sand-stone scratches glass, and its grains have great tenacity, 
but they cohere so slightly in many specimens that the body 
itself may be crumbled to pieces between the thumb and 
finger — such bodies are said to he friable. 

151. Brittleness. — ^A body may have both hardness aod 
tenacity to any degree of perfection, and may yet be broken 
by bending. Indeed it is usually in the harder kinds of 
bodies that this property, which is called brittlenessy is most 
clearly perceived. Glass and steel possess the properties of 
hardness, tenacity and brittleness, all in high perfection; 
horn and tortoise-shell are very tenacious and quite brittle, 
though they are not hard ; while rosin, when quite cold, is 
neither hard nor very tenacious, but is extremely brittle. 
This property appears to depend upon some unknown pecu- 
liarity in the arrangement of the molecules ; for, many of 
the metals, after being heated and suddenly cooled, become 
extremely brittle, but if allowed to cool very gradually, 
they lose this property more or less completely. By 
heating steel to a certain degree, and then slowly cooling it, 
we reduce its temper;, thus rendering it softer and less brittle; 
while by sudden cooling the temper is raised. Similar 
changes are effected in glass, and the process is called 
o-nnealinff. 

152. Frangihility. — ^The cohesion of molecules in many 
brittle bodies is so nicely balanced that the jar produced 
among them by breaking off a part of the body occasions it 
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lo. fly into many pieces. Such bodies are said to possess the 
property offrangihility^ which is a modification of brittle- 
ness. A d[rop of melted glass, Fig. 65, 
Tery suddenly cooled by being allowed to 
Gdl into water, forms a toy kaown by the 
oame of Prince Rupert's dn^. If laid 
upon a clean tablier, the large bulb of this 
toy may be smartly struck with a smooth 
luucnmer without being broken \ but if the 
extremity of the tail be broken by the fin- 
ger nail, or if any part of the drop be 
scratched by a grain of sand, the toy actu- 
ally explodes and falls into dust. This ex- pig. es. 
periment is dangerous to the eyes, unless 
performed under cover. Glass tubes or bottles carelessly 
annealed frequently fall into several pieces, upon being 
slightly handled. 

153. Malleability. — ^There are many bodies so hard that 
they seem to have no resemblance to a fluid, yet by ham- 
mering or very great pressure their shape may be changed 
at pleasure, and they may often be rendered considerably 
smaller, or more dense. In other words, their molecules 
may be moved upon each other by great forces and may 
be even pressed considerably nearer together. This is 
the case with many metals, such as iron, copper, lead, 
gold, &c. By being passed between heavy rollers, these 
metals may be sprea^d into thin sheets. This property of 
bodies is called malleability. Of course, when a malleable 
body is thus rendered more dense, part of the latent caloric 
which previously separated its molecules must be squeezed 
out, and being then radiated or conducted away, the repul- 
sion is permanently lessened, and the particles do not return 
to their former distance. The caloric thus forced out 
becomes senHble ; and a bar of iron may be made red hot, 
simply by hammering it. Many bodies that are brittle when 
cola, become malleable when warm ; as glass, the resins, &c. 
Malleability is directly opposed to brittleness. 

15^. DucHlity. — ^l^iis is a property so similar to mallea- 
bility that it may be considered as a modification of it. This 
property enables us to draw any kind of matter into wire or 
thread. Iron, hot glass, silver, &c., are very ductile, as are 
also molasses candy, and even fluid molasses. But the most 
malleable substances are not always the most ductile. The 
substances that permit their particles to be driven together 
with the greatest ease are not those which admit of bein^ 
6* 



ttrtteked to the greateit extent. Thiu; gold is the -nx:^ 
malleable of mettdg, because it can be beaten or rolled uts 
the thinnest plates; but it will not bear to be drawn intt 
wire nearly so line as that which can be made from v^ 
tina; — the foil or leaf of lead or tin is made yaj thin, 
but the finest wire obtaioBble from these metals ii quite 
coarse in comparison with that obtained from other metui. 

1^5. E}a»ticils. — Man^ bodies which may be euily 
pressed or bent out of their existing shape, so aa to change 
the relative positions of their particles, are observed to 
recover their former figures very rapidly when the force 
producing this offect is removed. The property upon which 
this recovery depends is called elatitcity. Ivory, gbfl, 
india rubber, and all the gases, may be classed among tiw 
most elaMic, and clay, putty, and most of the liquids amtag 
the least elastic substances. Inelastic bodies when thrown 
against a hard and fixed substance — a wall, for instance- 
do not rebound therefrom : if soft, like clay and putty, they 
become flattened, and usually adhere where they strike, fi 
any perfectly hard body were in existence, it would ne- 
cessarily be perfectly inelastic, for its particles conld not be 
compressed by any amount of force ; yet, in solids, highly 
elastic bodies are found among very hard substances. 

156. When an elastic body is allowed to fall upon any 
hard substance, it rebounds, and the more perfect the 
elasticity, the higher will it bounce. An ivory ball, if 
allowed to fall upon a marble table, rebounds very nearly to 
the height from which it falb, and continues in motion fbi 
a long time. 

157. When an elastic substance is 
compressed, a portion of its latent caloric 
is forced out and becomes sensible; but 
is rapidly re-absorbed if the compression 
is instantly removed. Before friction 
matches were invented, a very inge- 
nious instrument was sometimes em- 
ployed for lighting segars. A little me- 
taUic tube, closed at one extremity, A, 
Fig, 66, was provided with an air-tight 
piston, B, on the extremity of which a 
small piece of common spunk, C, was 
secured by being pressed into a small 
favity in the metal. The piston, being 
inserted into the tube, was suddenly ^'e- oe. 
driven down with great force by the hand, and immediately 
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withdncwn. The great compression of the air in the tube, 

ibrced out sufficient' heat to set on fire the spunk: yet after 

Jhe piston was withdrawn, the air was no warmer than 

befinre, because it had become expanded by its elasticity and 

fhe free caloric forced from it immediately became again 

latent. 

-^ poLAamr. 

158. Magnetic Aitraction and Repulsion. — You know 
something of what is meant by the mariner's compass, by 
means of which mariners are able to find their way across 
the ocean. The needle -of the mariner's compass is supported 
upon a pivot allowing free motion in all directions, and 
when unrestrsuned it always settles to rest in such a position 
as to point nearly north and south. Any body capible of 
displaying this property is csilled a magnet. The principal 
substances which dispky magnetic powers, are the metals 
iron, nickel and cobalt — the first in a -very high degree, 
and the two last but feebly. Some minerals are magnets by 
nature. There is a peculiar ore of iron, called magnetic 
iron ore, which always displays the property; but most 
magnets are made such by artificial means. 

159. Let a bar of soil iron, or an ordinary fire poker not 
made of very hard metal, be heated repeatedly, and suf- 
fered to lie horizontally for many days in succession, in 
the direction pointed out by the needle of the compass. 
After a certain length of time, this bar will be found to be 
slightly magnetic. Suspend it horizontally upon a long 
cord, at a con^derable distance from any other body of iron 
or steel, and it will settle to rest in a northerly and south- 
erly direction. The . extremity which lay next the north 
while the magnet was being prepared, will always point in 
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the same direction after it is suspended. Thus you have 
manufactured an artificial magnet, which will retain its 
power for a considerable time. 

160. This bar having been thus suspended, as represented 
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at AC B, Fig. 67, let a piece of iron, not magnetized, bt 
brouf^ht near the centre, C, in a direction perpeniUcubr to 
that of the magnet. It will then be found that there iaiB 
atlnctton between the two piecei of iron, and the nMgnct 
will he BWaycd from its position, so as to render the coid 
C D, a little oblique ; but this effect wiU be very sli^l. Let 
the unmagiii^tizi'il iron be now brought nearer either et. 
treinity of the magnet, at A or B, and the altiaction will be 
found much more powerful at these points ; for the Ivo 
pieces will approach each other rapidly until they come in 
contact, and will then adhere together with a force propor- 
tional to the strength of the magnet. If a fine csmbiie 
n<-t'(lle, or any minute piece of iron be presented to the 
middle of the magnet, little or no attraction will be pe^ 
ceived between them ; but if presented to either extremi^ 
of the bar, at A or B, it will be instantly snatched up ud 
will remain suspended as is represented in the £gure. 

161. The foregoing experiments prove that when a body 
is inagni'tjc it has a strong and peculiar attraction for iron, 
and some other substances ; but this attraction is not equaUj 
displayed in all parts of the body : on the contrary ; it u 
concentrated chiefly in two opposite points ; thus displaying 
very different properties from the various 
forms of attraction previously explained, 
which reside equally in every part of 
the attracting body. The two points at 
wliich the magnetic power is concen- 
trated are called poles. That which 
points to the northward is usually called 
the nortk or boreal pole, and the oppo- 
site point is called the »outk or austral 
pole of the magnet. But it is not neces- 
sary that the magnetized bar should be 
straight — the same properties may be 
artificially given to bodies of any re- 
(Hiired form. Fig. 68 represents what 
is called a horse-^oc magnet, one of the 
most common and convenient instru- ' " 
ments for experiments in magnetism. *' 

The letters N and S designate the north and south poles, so 
called, for want of more appropriate terms. 

162. If we add other needles to (he extremities of those 
represented in Fig. 67, the power of the magnet acts through 
thow already adhering to the bar, and a second pair of 
needles will adhere to the first, a third pair to the second, 
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fte., nnttl the weight of the seriei overcomea the force rf 
attraetioD, and they kill : but the moment they ste ported 
fiotn the bar, they cease to adhere together. This showa 
that a magnet has the power of converting other pieces Of 
iioa into magnets as long as theyare in contact with it ; for, 
each of these needles acts as a tUatinct magnet, having its two 
poles, like the principal bar, until the series becomes d^ 
tached. To express this fact in philosophical language, a 
m^net possesses the power of polarizing any piece of iron 
which is placed in close proxiniity to either of its poles. 
This power is beautifully displayed by casting a straight 
magnetized bar into the midst of iron filings, spread lightly 
over a salver or plate, and then gently agitating the plate. 
The particles of filings being repeatedly tossed from the sur- 
face i^ this means, are left free while falling to obey the 
attraction of the lar, and gradually range themselves into 



beautiful curves terminating in one or the other pole, or ex- 
tending from the one to the other, as represented in Fig. 69. 
Each of these curves is composed of a row of filings, polar- 
ited like the needles in the former experiment. 

163, If a needle be kept suspended for a long time from a 
magnetized bar, it will gradually acquire independent and 
more permanent m^netic power ; so that its polarity will 
continue after it is removed from the source of attraction. 
If the needle be slretched across the extremities of a strong 
horse-shoe magnet, bo that the head may be near the north 
pole and the point near the south pole, it wili become mag- 
netized more rapidly and strongly, and you will find, upon 
suspending it, that the extremity which has been near the 
north pole will point to the southward, while that which has 
been near the south pole will point to the northward. These 
are examples of what is termed magnetic induction. 

164, When the north poles or the south poles of any two 
m^nets are brought near together they repel eaati liOti'et 
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forcibly, but when the north pole of the one is placed netr 
the south pole of the other, they spring together with eneigj. 
Carve for yourself an image of a swan of cork or light wood, 
Fig. 70 -J and having bored a small hole from the breast to 
near the tail of the bird, pass a piece of magnetized wire 
through the hole, placing the north pole next the breast, h 
at N, and secure it there with wax. Place this swan upon 
the surface of water in a basin. If you now present the 
north pole of a 
magnet to the beak 
of the s^van, the 
bird will turn and 
move away, and 
on pr(?senting the 
south pole, the 
swan will ap- 
proach and follow 
the magnet. If 
you approach the ^*^' '^' 

tail instead of the beak, these effects will be exactly reversed. 
The earth is a great magnet, and for this reason one pole of 
the needle of the compass and all other ma^ets tends to the 
northward, and the other to the southward, these being the 
directions of the magnetic poles of the earth. 

165. The phenomena of magnetic attraction differ so 
widely from those previously described as being properties 
of the bodies by which they are displayed, that like those of 
heat, they have been attributed to the agency of a peculiar 
imponderable fluid which has been called the magnetic Jluid, 
There are also several other agents capable of giving polarity 
to bodies and to the molecules of bodies ; so that the magnetic 
is by no means the only kind of polarity : but ' in whatever 
mode bodies or their particles may be polarized, one general 
law is observed in all such cases : — Similar poles repel each 
other and opposite poles attract each other. You must per^ 
ceive at once how simply and beautifully this may explain 
the phenomena of crystallization, the brittleness of bodies 
very suddenly cooled, the frangibility of Prince Rupert's 
drop, &c. When the molecules of a body are dissolved in 
fluid or reduced to the liquid state by heat, they may take 
any position with the greatest ease. If, then, they possess 
polarity, the attraction of the opposite poles and the repul- 
sion of the similar poles must cause them to arrange them- 
selves in regular order, like magnetized iron filings. There 
is strong reason for the belief that in most kinds of matter 
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i^hen paBBing from the liquid to the solid state the molecules 
become polarized. , If the change be slow they have time to 
assume their proper positions, and aire therefore enabled to 
construct those beautiful figiurcs which are called crystals, 
varying in shape in different jsubstanees according to the 
forms of their molecules. But when the change is hurried 
the molecules are entangled and confused too quickly to 
admit of their systematic arrangement by polarity, and this 
confusion must have a great effect upon the cohesion of such 
bodies. With these remarks we may safely take leave of 
our elementary view of the general properties of matter and 
the special properties of bodies. 



CHAPTER II. 

MECHANICS. 

OF MOTION AND FORCE. 

166. Momentvm, — ^We will now consider the conditions 
of bodies in motion ' and bodies at rest, with their inertia or 
the forces which they exert in resisting any change in these 
conditions. You have been instructed that nothing material 
is positively at rest. A gentleman in Quito, nearly under 
the equator, when seated in his elbow-chair, at rest, in relation 
to every t/iin^ around him, is really moving around the 
centre of the Earth, at the rate of about 1000 miles per hour, 
and with the earth in its orbit around the sun, at the rate of 
68,000 miles per hour. When we say that bodies are at 
rest, we mean only that they do not change their relative 
place among other bodies with which we may compare 
them : thus, a ship riding at anchor in a river is at rest in 
relation to the shores and bottom of the river, though she is 
absolutely in motion with the whole solar system, with the 
earth in its orbit and its daily revolution, &c. — All material 
rest, therefore, is relafice. 

167. But the 7710^10/15 of bodies may be divided into two 
classes ; the absolute and the relative. The absolute motion 
of a body is its actual change from one fixed point in space 
to another. The relative motion of a body is merely a 
change of its relative position among any other bodies with 
which it may be compared. The ship at anchor, as men- 
tioned in the last paragraph, is relatively in motion when 
compared with the current of the river as it sweeps \|^ 
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her, and the watpr is relatively in motion when oompued 
with the ship. If the ship be floating with the current, Ae 
is n*lativi»ly at rest when compared with the UTiter, bot 
n'lativcl y in motion with regard to the shores of the river. 

1 ()S. \\'(> know of the existence and can reason about the 
natun* of al)s(jlute motion ; but as all visible bodies ue 
moving, likt* the Peruvian gentleman already mentioned, in 
so many difl'erent directions at the same time, that we an 
not di*termine precisely the change of place from one point 
of spact.* to another, we are unable to refer to any ezam^ 
of it : wo must, therefore, regard it as an abstract idea of the 
mind, and not a thing subject to the judgment of our sensei. 
All hnoirn motions are relative. — precUeiy as rest is relatite. 

KiD. It is very evident, then, that when two bodies have 
a relative motion towards each other, it matters not whether 
we re|3^ard either of these bodies as being at rest and the other 
moving towards it, or consider both bodies as being in mo* 
tion at the same time : if they approach each other with the 
same rapidity, the blow struck when they meet will be ex- 
actly equal in force in each of these cases. If you run 
your hi'ad perpendicularly against an open door sm'inging 
upon hinges, you will be bruised or knocked down with the 
same force as if you were standing at rest and the door were 
thrown open with the same rapidity. If a ship under ii'ay 
with a current strikes upon a rock, me strikes with the same 
force as if she were at rest, and the rock were precipitated 
against her with the same degree of swiftness : or, in other 
words, the ship acts vpon the rock with the same force that 
the rock redacts vpon the ship. These are examples of the 
truth of what has been called a law of motion^ namely, that 
action and redaction are cqval and opposite. Thus ; when 
you throw a ball against the wall, the action of the ball tends 
as powerfully to throw the wall over in one direction as the 
re-action of the wall tends to make the ball rebound in the 
other direction. 

170. But this is as truly a law of rest as it is of motion, 
when bodies at rest act upon each other in any way what- 
ev(T. Let a stout cord be securely tied to a hook fixed 
firmly in a wall : then make every efibrt to stretch this cord. 
Here it is plain that the hook draws the cord towards the 
wall as strongly as the cord draws your person towards the 
hook, and you draw the cord towards your person with like 
force to that with which the cord draws the hook from the 
^^11. In these several cases action and re-action are equal, 
though the bodies interested are at rest. Place your hand 
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befeweena heavy weight and the siuiacc of a table, and you 
perceive that the latter presses upward upon one side of your 
Band with the same force that the former presst'S down\i*ard 
vpon the other- side ; so that the same law applies to bodies 
tfaat attract each other, even when they are both at rest, as 
|Mroperly as to bodies in motion. That action and roniciion 
mre equalj is therefore a general law of nature, applicable to 

' 171. The rapidity with which bodies move is termed their 
^eloeityj and velocity is measured by the distance through 
"which the body moves uniformly in a given time. As it is 
convenient to have some fixed standard of time by which to 
jneaflure and compare different velocities, the second cf 
time has been generally adopted as the unit in such measure- 
ments : thus ; if a swallow be flying at the rate of 88 feet in 
one second, a carrier pigeon 44 feet per second, and a gar- 
den sparrow 22 feet per second, the velocity of the swallow 
ifl said to be three times, and that of the pigeon twice that 
of the sparrow. 

172. If you throw a stone perpendicularly against a wall 
with a certain degree of force, it will move with a certain 
velocity, it will strike the wall with a certain degree of 
violence, and its motion will then be arrested ; but if you 
wish it to move with twice or thrice that velocity, it must 
be thrown with twice or thrice that force, and it will strike 
the wall with corresponding force, unless other forces, inde- 
pendent of your action, oppose its motion. From these 
observations we may deduce the following important conclu- 
sions: 

173. The velocity communicated to a body by any force, 
is proportional to the force so applied. Therefore motion 
cannot be communicated except by force. 

174. The force with which any body in motion strikes 
any other body with which it may come in contact, is also 
proportional to the velocity with which the two bodies ap- 
proach each other ; the effect being proportional to the rela- 
tioe and not the absolute velocity of the bodies. 

175. If two bodies moving in opposite directions come 
together, the force of their striking or collision will be pro- 
portional to the sum of their velocities, for that will then be 
their relative velocity ; but, for the same reason, if they be 
both moving in the same direction, the force of their collision 
will be proportioned to the difference of their velocities. 
For example : suppose that a locomotive engine has been 
left standing upon a rail-road, and that another engine, 

7 
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travelling at the rate of 30 feet per second, is brought into 
collision with it, the force of the blow being equal to 1. 
Now, if the former engine were also in motion to^\'ards the 
other, with a velocity of 15 feet per second, the relative 
velocity of the two engines would be 304-15^45 feet per 
second : and as the force of collision is propuiional to the 
relative velocity, the amount of this force in the latter caie, 
as compared with the former, is obtained from this ample 
statement: — As 30 : 45 : : 1 : 1.5. But if the more it^ 
engine were to overtake the slower one instead of meeting 
it, the relative velocity would be 30—15=15 feet per tecr 
ond, and, by the same rule, the force of collision would he 
only .5. 

176. As a wall (172) resists a stone thrown against itiKrith 
exactly the same force that the stone strikes it, it is veiy 
obvious that the words resistance and ybrce, when employed 
philosophically, mean precisely the same thing. They are 
used as distinct terms merely in compliance with custom. 
But the cause of the resistance of the body at rest is iti 
inertia, and the cause of the force exercised by the body in 
motion is also its inertia. There is therefore no difference 
between the inertia of rest and the inertia of motion, and the 
distinct use of those terms serves only to confuse the mind 
of the pupil by leading him to suppose that there exist two 
powers or principles in matter where there is really but one. 
For precisely the same reason, action and reaction, in natural 
philosophy, are the same thing. The distinction between 
these words is not necessary; it is merely convenient — ^for 
the stone reacts on the wall by its inertia and the wull acts 
on the stone by its inertia. 

177. As inertia can only be overcome by force, it is obvi- 
ous that motion cannot be increased, diminished, or arrested 
except by the application of force. 

178. Tif/ie is required to produce, arrest, or modify wio- 
tion. — ^As the velocity of a moving body is proportional to 
the force producing its motion, the inertia of a body, how- 
vvcr large, may be slowly overcome ; so that moderate forces 
acting constantly may communicate retard or destroy any 
amount of motion j but we know of no force suflSciently 
jMjwcrful instantly to move even the lighest article, or in- 
stjuitly to stoj) it if already in motion. Some timey though 
it miiy l)(! so short as to be scarcely capable of calculation, 
iH rorjuircd to produce either of these effects. Thus, when 
a gun pro[)('rIy chmgcd is exploded, the ball do(.*s not move 
with it.s greatest velocity until it arrives at the muzzle; 
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it moves slowly at first, but acquires speed so rapidly that we 
cannot perceive the interval between the first firing of the 
powder and the exit of the bullet. This is the reason why 
a gun of proper length will throw the ball much farther than 
one provided with a barrel that is too short. If a pistol be 
fired at a sheet of writing-paper, set in a light frame perpen- 
dicularly upon a table, the ball may overcome the inertia of 
the part which it actually strikes so suddenly that the cohe- 
sive' force of the particles of the paper is not allowed time to 
overcome the inertia of the rest of the sheet and frame. 
The ball will then pass through the paper without shaking 
the frame. Bullets have passed through window panes 
without cracking the glass. If a cannon-ball, when its force 
is nearly expended, strikes the timbers of a ship, the vessel is 
shaken from stem to stern, and large splinters are often scat- 
tered around, though the ball be unable to penetrate the 
planl^j but when its velocity is very great, it may pass en- 
tirely through the ship without producing any sensible 
tremor. Limbs have thus been shot away in battle without 
the consciousness of their owner, but the wound of a spent 
ball inmiediately overcomes the power of the bravest. A 
tallow candle shot at a board from a distance of ten or 
fifteen yards will be crushed into a shapeless mass, but from 
the distance of a few feet it has been known to glide 
smoothly through a piece of soft pine wood an inch in 
thickness. 

179. When a cannon-ball is shot upward, the attraction of 
gravitation causes it to move more and more slowly until, in 
time, it is brought to rest ; and at the next moment, the same 
attraction compels it to descend. At first it falls slowly, but 
its velocity continually increases until it reaches the earth, 
because the force of gravity is acting upon it all the time. 
When a ship first spreads her sails to the wind, she moves 
very slowly, but her speed becomes more rapid with time^ 
until the resistance of the water is rendered as powerful as 
the wind. Her motion, previously accelerated, like that of 
the stone in falling, then becomes vniform, like that of a 
moving body when no longer urged or resisted by any force 
whatever. When a ship sailing rapidly before the breeze is 
suddenly overtaken by a calm, or has her sails furled, she 
does not stop at once, though the force that propelled her 
has ceased ; her motion, previously uniform, is retarded, 
and she moves more and more slowly until the resistance of 
the water Aa« time to overcome all her inertia. Horses pull 
very hard when putting a carriage in motioTv, bwX. n^-tj 
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lightly when it is travelling rapidly : were it not for the i^ 
sistanri* «M:casuini*d by thf* inequalities of the road, the ftifr 
tioii of thr njivi', and other causes which constantly tend to 
ri'tard th»' motion, they need not pull at all after the carriage 
is onc«' fairly under way, unless it be necessarj to increM 
its velocity : — it would continue to travel by its own inertii 
with a uniform motion. But when a heavy carriage itopi 
very suddenly, though the horses thnm* themselves on their 
haunches, and pull back with great force, their hoofs are 
oi't»'n forced forward for some distance, striking fire fhxnthe 
stones, or ploughing deep furrows in the mud. 

ISO. Let (i. Fig. 71, represent a heavy coin, laid upon a 
Mnoolh card covering the open mouth of a tumbler, having a 
st ri Ml'' S jittachid to one of its comers. If you g 

drsiw this curd slowly by the string, the coin 
will inovi? with it: for the adhesion or the 
friction between the card and the coin will 
hare time j^lowly to set the latter in motion. 
But, if you jrrk the cord away suddenly, the 
inerliu of the coin will cause it to linger and *'" 

fall into the tumbler. 

181. A man standing carelessly in a boat is throv^ni back- 
ward when the boat suddenly starts forward. Life has been 
lost by falling from the roof of a railroad car in this manner 
on the* starting of the train. If a boat under full way sud- 
denly strike a pier or wharf, every moveable thing in it is 
tost forward. When a ship strikes a rock under the same 
circumstances, the masts often fall over the bows. If a horse 
with a bad ridcT springs suddenly forward, he leaves his load 
iM'hind; but if, when in rapid motion, he bolts or stops sud- 
denly, the ridiT continues his journey and comes to the 
grovHul at some distance farther on the road. For this rear 
son, when a person jumps from a carriage while advancing 
at speed, he is usually dashed forward to the loss of life or 
limb, and when two carriages have rushed together, the 
drivers have been known to change places. It is not very 
Unusual, w^hen vessels meet in direct collision at sea, for per- 
sons to be transferred from one to the other " without know- 
ing how." A boy jumps much farther at the end of a short 
'* run" than from a standing position. If a glass of water be 
■^ddenly moved forwanl on a table, part of the water remains 
r^ind, and if it be then as suddenly checked, part of the 
J?*er will pitch forward. If a basket of eggs be carelessly 
JjJJ^uickly set down upon a table, it often happens that the 
ranges of eggs insist upon going on while the lower 



ones are brought to rest^aiid the weaker ones are thus cnuhed 
to pieces. 

182. When one portion of a moving body is brought to 
rest, the remaining portions endeavour to proceed, and will 
do so unless the force of cohesion between the particles is 
■dfficient to prevent -them. When a stone is thrown with 
neat force against a firm wall, the continued progress of the 
undermost portions causes them to press so strongly upon 
the parts that first impinge upon or strike the wall, that the 
itone is broken to pieces. If a man fall firom a considerable 
height directly upon his feet, the disposition of his head to 
continue its descent may cause it to press so strongly upon 
the bones which support it as to break the scull and cause 
leath, though the head may not strike the ground. The 
breaking of the top of a vase or tiunbler when the bottom 
forcibly strikes a table, is another effect of the same kind. 

183. A spirit level is an instrument formed of a straight 
f)iece of glass tube, so nearly full of water as to enclose only 
1, bubble of air, and both extremities of the tube are closed. 
rt is intended to determine when any surface or direction is 
perfectly horizontal* If either end of the tube. A, Fig. 72, 
be elevated in the least, the air-bubble will rise towards that 
extremity. Now, if this instrument be placed on a hori- 
zontal table, so that the bubble may- occupy the centre of 
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the tube when at rest, and the tube be then suddenly moved 
forward, the water will lag behind, forcing the air, which 
is the more moveable substance, towards the extremity B. 
The water will goon recover its proper situation, because, in 
time J it will acquire the velocity of the tube : but if the mo- 
tion of the tube be then suddenly checked, the water will 
continue to move forward, and will force the bubble towards 
the extremity A. The blood in the vessels of man and 
animals is agitated in the same manner whenever the person 
is put in motion or brought to rest ; and this is the principal 
cause of the beneficial results of swinging, riding, and all 
other exercises that promote the circulation. 

184. Fluid resistance arrests Motion, — As motion is natu- 
rally uniform, and can never be increased or checked without 
force, you may be surprised at observing that all bodies put 
in motion in the immediate neighbourhood of the earthy 
7* 
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uiTBriibly come to rest in a ihoit time when left to Hu» 
selvi'a. It si'pniB reaMnable that a ship ihould «x>n Umb ha 
molian whfn the wind ceases to blow; for the vesel Ah 
not ailvance through the water without much reMituitt. 
Here tlic rt'siEtance of the crater is sufficient gradual^ Is 
ovcrcomi? the inertia of the ship; but why should a bill 
rolling along a very smooth horizontal plane move man 
slowly at the end of two seconds than it does at the end 
of one second of time 1 Here the principal cause of tbe 
returdcd motion is the resistance of the air. 

ISa. That air is really capable of offering very poweifbl 
resistance to the motion of bodies through it, is venr euih 
pitivifl. 1'hus : when a person attempts to ran while bol^ 
in;; an open umbrella on a calm day, he finds it impavUe 
to make rapid prioress, so strongly is he drawn back by Ibt 
unitirclla slriking continually against the air. If, howerer, 
the holder be running before a 
lireeze that moves as rapidly 
as himself, no such difficulty is 
experienced, for then there is 
no collision between the um- 
brella and the air. A person 
descending from a balloon in a 
parachute, Fig. 73, falls with 
accelerated velocity for a ehort 
time only ; for the resistance of 
* the air against the silken dome 
sijon becomes equal in force to 
llip gravity of the machine and 
its controller, and they then 
descend to the earth with a 
gentle uniform motion, like 
that of a ship through the *■■«■ w- 

water. 

186. The resistance of a fluid to anj moving body increasef 
much faster than the velocity : that is ; if the resistance to a 
body moving 1 foot per second be equal to 1, the renstance 
to the same body moving at the rale of 2 feet will he nearly 
equal to 4 : for, in the latter case, the body will strike twice 
as many particles per second as it does in the former; so that 
there arc twice as many little opposing forces exerted againit 
Jt in the same time ; and, as it is moving with double velocity, 
jt must strike each particle with double the force. If the 
™'dy move at the rate of 3 feet per second, it will strike 
nree times as many particles, each with three times the 
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^brcey within that time, and the refktance will therefore be 
«qual to 9 — we say, therefore, that the resifitance of fluids to 
ajDOTin^ bodies is nearly proportional to the squares of their 
Telocities. Thus : if 100 square feet of canvass would drive 
m boat through the water at a given rate per hour, it would 
xe^uire about 400 feet to drive it at twice that speed. The 
x^enstance of the air thus becomes a serious opposing force 
te' a]l rapid motions, and must gradually bring to rest any 
body not acted upon by continued force, if subjected long 
enough to its action. 

187. Friction arrests Motion. — ^Another very important 
ibrce which tends to bring moving bodies to rest is friction 
or rubbing, which is the resistance which one body opposes 
to the motion of another when moving over it. lif you 
attempt to put a heavy fiat body in motion along the ground, 
l^ means of a cord, you find that much more force is required 
than if the weight were suspended by a long string. This 
difierence is occasioned by the friction of the body against 
the ground. 

188. The friction of any two bodies appears to vary nearly 
in simple proportion to the pressure of the bodies against 
each other at the surface where they meet, and not according 
to the extent of that surface ; for, it requires about the same 
degree of force to drag a heavy rhombic body, such as a 
chest, along the floor, whether it stands upon its broad bottom 
or its narrow end. Nor is friction increased in equal pro- 
portion when the relative velocity of the rubbing bodies is 
increased ; and sometimes it is even diminished by an increase 
of velocity. It is, therefore, impossible to calculate its 
amount in most cases by means of any general rule, and it 
remains, in a great degree, a subject of experiment. 

189. There is every reason, to believe that the principal, 
if not the only cause of friction, is the irregularity of the 
surfaces of all bodies, none of which can be regarded as per- 
fectly smooth. As bodies rub against each other, their par- 
ticles are compelled to jolt oyer every ridge and are drawn 
by mutual attraction into every Utile valley: thus, the 
direction of motion is continually changed by forces that 
must retard their onward progress. Even the surfaces of 
crystals vary in the amount of friction which they produce. 
In crystals of the primitive form, and on those faces of sec- 
ondary crystals which correspond with the primitive form, 
such as the cube of rock salt (93), the surface is extremely 
smooth, and the friction will be comparatively slight ; but in 
the secondary cube of fluor spar (94), composed of pr\\sv\l\N^ 
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octahcnlrons, all the faces of the crystal are formed bj flie 
proji'ctinir solid ancrlt's of the molecules: they are, therefoie, 
li'SH |K)lislif'd, and must produce more friction. In uncrystil- 
HxihI suhstaucos, the arrangement of the molecules being 
irroi^ulur, tht* d(>|;rt*os of friction defy all calculation. 

VM). Friction is ont* of the most important agents in limit- 
in*; tho |x>wcr of machinery ; and the parts of all machina 
that press or rub against each other by necessity, should be 
«o const met ed iis to rt^luce as much as possible the action of 
this n-tardini; force, which sometimes destroys the usefulnea 
of tiiuMhinl the force employed. In general, bodies composed 
of (litt'erent materials priKluce less friction than those df the 
Niiinc luitiire : thus ; wlien steel moves upon Steel or upon cast 
iron« the resistance is very great ; but when it rubs upon bns 
or j^iui inetui, it is comjKiratively moderate. These diffw- 
ences are jirolmhly owing to the close correspondence between 
the hills and hollows on the surfaces of bodies formed of the 
sjimi' kiiul of mutter. We often employ fluids, such as oil or 
sou{)-suils, to lessen friction. These partially fill up thein^ 
iuju:iliti«'s of stirfiice, and, by adhering to the moving bodies, 
substitute tbe ijentle gliding of their moveable particles for 
the ro\ii!jh collision of the less yielding solids. 

IJM. Friction not only retards motion, but often positively 
prevents it. The tlitliculty perceived on trying to drag along 
the llcHir a puckaj^e of jrcxxls too heavy to be stirred by our 
utmost etlbrts, is not directly owing to its gravity 5 for the 
force of gravity only acts in opposition to us when we at- 
tempt io lift the package, and its sole influence in increasing 
the resistance to horizontal motion results from the friction 
whieh it occasions. Hut for the 0])position produced by 
friction, a child might draw a rail-road train along a level 
track with as nuich ease as a toy-wl^;on, though more time 
wouUl be reipiired to communicate a respectable velocity to 
so large a mass of matter. It is to this power of friction, 
much more than to anv cohesion between the threads, that 
we owe tlie strength of clothing, ropes, and every manufac- 
tured article formetl by weaving or intertwining fibres. 

1 \K. Friction is not contined to solids and liquids, but is 
equally obvious in the movements of the atmosphere. When 
the muzzle of a jxiir of bellows is made very long, the fric- 
tion of tbt» air against the tube is s(^ great that it will hardly 
*' blow the fire." Attempts have been made to convey fidr 
to a furnace through tubes of great length, and the contrivers 
have been astonishtxl to find that a large \\'ater-wheel or a steam 
engine could not force forwanl air enough to extinguish a 
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candle at the open .eztreinitj of lach tidies. Solid bodies 
Mliding i^pan the ground are very soon brought to rest by 
Action* A boat, when paasing over shoals, raises much 
liigjier billows and is moved with much less speed by the 
same forces than when sailing in deeper water ; because the 
bott<»n reacts upon the water, and the consequent friction re- 
its displacement. The current in the channel of a river 
much slower near the bottom than at the surface, for the 
reason ; and when a violent storm of wind passes over 
even a level country, the tallest objects are more violently 
agitated than those of humbler pretensions. 

193. Friction produces attrition^ or the wearing away of 
the surfaces between which it is exercised. By its means, 
riven which would otherwise rush headlong to the sea, like 
caFB- descending an inclined plane or cataracts from a preci- 
pice, are moderated in their course, and made safe and useful 
to man. By the attrition of water, particles are continually 
torn frcmi the rocks and earthy deposites of the high ground, 
to settle by their weight upon the level country beneath ; 
sometimes occasioning bars and flats, to the obstruction of 
navigation, and, at others, spreading layers of fertilizing mud 
or desolating sand over large sections of country. The effect 
of the simple attrition of water is no where more magnifi- 
cently displayed than in the solid rocky bed of the Niagara, 
where the surplus water of the great North American lakes 
has worn a deep, dark gulph for many miles, and still con- 
tinues slowly eating away the margin of the precipice over 
which the retreating cataract will continue to roar and thun- 
der for ages to come as in ages past. But it is not necessary 
to seek for proofs of the friction of water upon solids in great 
phenomena and distant places : visit some steep bank of sand 
or gravel which is surmounted by grass or shrubbery; 
choose a rainy day in summer or a time of thaw in winter, 
and watch the water draining down the face of the embank- 
ment from the saturated soil above. Here you may witness 
in miniature the whole history of the formation of springs, 
rivers, lakes, islands, deltas, reefs, bars, creeks, bays, inlets, 
&c., as the little currents remove and continually re-deposite 
the earthy matter which lies in their way. In the resistance 
of the air and water produced by their inertia, and in the 
friction which always takes place when bodies in motion act 
upon each other, are found causes quite sufficient to explain 
the fact that all bodies in motion near the earth are sj)eedily 
brought to rest, in seeming contradiction to the law that mo- 
tion IS perpetual in the at^nce of opposing forces* 
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194. As the velocity communicafted to any body, or takm 
from it, is a measure of t]ie force applied tor the purpoBe, 
and as motion or the arrest of motion is the result of the 
overcoming of inertia by force ; it follows that if the inertia 
of a body be increased, more force will be required to pro- 
duce in it any given velocity. But the inertia c^ a body is 
proportional to the quantity of matter which it contains; 
because every atom has its own amount of inertia. Hence 
the greater the amount of matter, or the mass of a body, 
the greater will be the force required to give it any given' 
velocity. 

195. You have seen already the proof that, the quantity 
of matter being fixed, velocity is a measure of force ap- 
plied in producing or arresting motion, (172) and in the prece- 
ding paragraph it is demonstrated that, the^ velocity being 
fixed,the quantity of matter becomes- a measure of such force. 
Therefore the efiective power of different bodies in exerting 
any force or producing any mechanical action is propcMrtional 
both to the velocity of the bodies and the quantities of matter 
which they contain : and according to the rules of compound 
proportion, this double proportion is correctly represented 
by the products of the multiplication of the respective velo- 
cities by the respective quantities of matter. These products 
are called the momenta or moving forces of the bodies. 
Thus ; if A be a body weighing ten pounds and inoving with 
a velocity of 10 feet per second, and B be another body 
weighing 3 pounds and moving with a velocity of 3 feet per 
second ; the relative momentiun of the first will be lOx 10 
= 100, while that of the second will be 3 X 3=9. 

196. The force of gravity acts upon every atom in the 
masses of matter between which it is exerted. That is, when 
a stone and the earth are attracted towards tach other so as 
to cause the former to fall towards the latter, and the latter 
to rise, though imperceptibly, towards the former, this mo- 
tion results not from a general and fiixed action of the one 
mass upon the other mass, but upon the attraction of every 
molecule in the one, for every molecule in the other. 
Therefore ; if one stone has twice the weight or quantity of 
another stone of the same kind, it is only because it contains 
twice the number of atoms or twice the quantity of matter. 
If both these bodies be allowed to fall together from the same 
heightjthey will reach the ground very nearly at the same 
moment, because the stone of double weight,being attracted 
with double force jmust move with the same velocity as the 
lighter stone — ^the slight difference, if there be any, being 
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%^5^ to the remfltance of the air, which variei with the az« 
^!*'~Jfirw of the bodj' ; so that a closed parachute &1U much 
^?^r tbui an open one. You observe, then, that the weight 
^^*iKeof a body does not change its velocity under the influ- 
^^^ofgia'rity, independently of resistance from other cauaei. 
u '^thtr does the density of the body produce any change in 
^tiKipect; for a pound of cork or feathers weighs as much 
1^1 pnimd of lead — that is ; it contains aa much matter, and 
therefore as much -gravity. 
197. A, Fig. 74, represents a tall glass, called a receiver, 
^iich is a part of the apparatus attached to an Mr-pump — 
**1 instrument that will be explained hereafter. D, D, are 
^^0 little brass plates moving on hinges, and capable of being 
Vept in a horizontal positioa, by means of a double catch 
Wached to the lower end of a metallic rod C, which passes 
through the cap of the receiver, and is 
provided with a handle at its upper 
ertremity. When the handle h turned 
while the hrasa plates are held horizon- 
tally, the catch is loosened and the plates 
611. Now, let a dollar, B, be placed 
upon one of these plates, and a light 
feather, F, upon the other, and turn the 
handle, bo qs to let them fall at the same 
moment. The receiver being full of air, 
the dollar will fall with great velocity, 
for it is very small in proportion to its 
weight; but the feather will descend 
slowly, like a parachute, because it ia 
larger and lighter, and its form is such 
as to present a great surface to the re- ^* '*' 

aisting air. Now place the dollar and feather again upon 
the little plates, — set the receiver upon the plate of an air- 
pump, G, and exhaust the air. Then turn the handle once 
iDore, and the dollar and the feather wilt strike the plate of 
the air-pump at the same instant, because the resistance of 
the air is no longer felt by them. This ceases to be won- 
derful when you consider that if a guinea weighs as much 
as 10,000 feathers, it requires 10,000 times as much force to 
move it with a given velocity, but the earth's attraction 
for it will be also 10,000 times as great. Therefore dust, 
rain, smoke, air, and all other material substances will fall 
by gravity as fast as lead, if there be nothing present to 
oppose their motion. 
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CBITTaAL FORCES. 

198. Centrifugal and Centrical forces. — ^As the natural 
tendency of bodies in motion is to continue iho^ng in a 
straight line, they cannot be bent from their course so as to 
move in a curve or in another straight line without force. 
Fig. 75 represents a lad whirling a sling. You know that 
the stone in a sling is continually pulbng upon the hand 
while thus whirling, and that the raster it turns the more 
violently it struggles to get 
away ; so that if made to 
turn too rapidly it may 
break the string. Here, 
then, considerable force is 
necessary to make the stone 
revolve in a circle, because 
it naturally endeavours to 
move off in a straight line, 
and the string is stretched 
by the force required to 
keep it constantly at the 
same distance from the 
hand. It struggles harder 
when moving more rap- 
idly, because, while the weight remains the same, the mo- 
mentum or moving force must increase in proportion to the 
velocity (173). If a larger stone were employed, it would 
pull harder even with the same velocity: because, the 
momentum would then increase in proportion to the 
weight (195). 

199. This tendency of bodies moving in curves to fly off 
in a straight line, is called the centrifvgal force, because it 
tends to carry these bodies farther from a centre : but this 
centrifugal force is not a peculiar power in nature — it is 
merely one example oi inertia, 

200. The force which prevents a body from flying off 
- when moving in a curve, or any force which draws a body 

towards a centre, is called the centripetal force. In the 
case of the sling, the centripetal force is the cohesion be- 
tween the molecules of the string, or the friction between 
the fibres of which it is composed (191). But, the earth, 
in revolving round the sun, must have the same disposition 
to fly off in a straight line, on account of its centrifugal force ; 
and as there is here no sling to restrain it, where is the cen* 
tripetal force in this case? The force in this case is the 
attraction of gravitation. The earth gravitates towards the 
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■im, as a stone endeavours to sink towards the earth; and it 
^ould fall like a brick b]pwn from the top of a chimney, if 
its centrifiigal force did not prevent this destructive accident : 
it therefore necessarily revolves in an orbit determined by 
the balance between these contending forces. The position 
and the orbit of .every celestial body is prescribed by the 
same law. If the length of the year were increased, the 
earth would revolve nearer to the sun, where the greater 
bending of its motion would give it greater centrifugal force 
to compensate for its loss of velocity and, consequently, its 
momentum. If the year were shortened, the increased mo- 
mentum would carry the planet from the sun, until its cen- 
trifugal force became sufficiently diminished to permit the 
centripetal force of gravity once more to balance it. 

201. Almost every student is led into a natural error 
when fijrst tai^ht the meaning of the term centrifugal force — 
he supposes that ^this tendency would carry a body directly 
away from a centre, or in the direction of a radius to a 
curve : but this is not the case. If the string in Fig. 75 
were to break, or if the stone were set at liberty at the mo- 
ment when it reaches the point A, it would fly off — at first — 
in the direction A B, — if the same thing should occur when 
the stone reaches the summit or the lowest point of the circle, 
it would take a horizontal direction, because, at these par- 
ticular moments the stone is actually moving in the direc- 
tions thus pointed out, and, because it has no power within 
itself to change its then existing state of motion or to alter 
that which is its course at the instant. Now, if you will 
carefully eicamine these three directions, you will find that 
they just touch the curve at the bottom, the summit, or the 
point A in the circle. Any straight line which just touches 
a curve in one point and does not cut or intersect it, is called 
a tamre/U ; — thus A B is a tangent to the circle at the point 
A. It is evident that the tangent must agree, exactly with 
the direction of the curve itself at the spot where they touch 
each other, and that this is also the direction of any body 
moving in the curve, when it reaches that spot. You now 
perceive the necessity of the law that all bodies moving in 
curves have a disposition to fiy off in the direction of the 
tangent to the cvrve at the spot where they may be. This 
tendency is the centrifugal force. 

202. When water is poured upon a giindstone while in 
motion, a portion of it adheres to the stone : but the liquid 
collects in particular places, in quantities greater than can 
adhere very strongly, and, the centrifugal force overcoming 
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the cohesion of the molecules, drops are thrown off from the 
circumAT(*nce, each drop taking the direction of a tanpeot 
to the curvo. This course it would continue to pursue it the 
attraction of the earth did not bend the motion towards the 
ground. When a carriage is driven rapidly round a short 
turn iu a road, it is often thrown sideways for some distance 
toward the convexity of the curve ; and if the wheels happen 
to strike an obstacle, the vehicle may be overturned vith 
violence. Where a mountain rail-road passes around jutting 
precipices or sweeps into narrow ravines, arrangements are 
alv^'ays adopted to prevent accidents from centrifugal force. 
In passing a projection, the inner track is made lower than 
the outer track, so that the car may lean very much towardi 
the mountain, in order that gravity may counteract the ten- 
dency of the vehicle to fly off or overset towards the steep 
descent : but in passing a ravine, the road is inclined in the 
opposite direction until the carriage is sometimes made to 
lean over a frightful chasm, in order that it may not be 
dashed against the rocks above by the centrifugal force. In 
some such places you may travel with perfect safety at the 
rate of 30 miles per hour, where it would be dangerous to 
venture at the rate of three or four miles; — the centrifugal 
force being actually necessary to prevent the vehicle from 
falling towards the lower side of the road. Stage drivers 
often avail themselves of this principle, by putting their 
horses at fearful speed iii such places. The situation of out- 
side passengers is sometimes critical on this account ; for, a 
person standing carelessly upon the top of a car or stage at 
such times is in danger of being thrown off by his inertia, 
at the imminent risk of life. When steam-boats "round 
to" suddenly at a landing, the side next the point which 
they are approaching rises from the water, and the opposite 
side sinks, sometimes to an alarming degree. W^hen a very 
heavy deck load is carried, this effect may prove dangerous. 
Hiders, to avoid similar accidents, and horses in the ring at 
a circus, are observed to lean very much towards the centre, 
and skaters always lean towards the concavity of the curve 
which they describe on the ice. Large grindstones or mill- 
stones connected with machinery are sometimes made to re- 
volve so rapidly that the centrifugal force overcomes the co- 
hesion of their molecules, and they burst asunder with tre- 
niendous violence, carrying destruction in all directions. For 
this reason they are strongly hound with iron. But it is often 
dangerous to approach the iron flj'-wheel of a large factory 
when the machinery is allowed to act with too much rapidity; 
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for, these wheels have been known to break into fragmenll 

merely by the centrifugal forct! ; Ibe pieces aometimea paasing 
like -cannon-shot through thick stone walls, and someliaiefl 
becoming reduced almost to |)owder by the Beporalian of tbtir 
particles. You may whirl a bucket full of water like a stone 
in a sling, without spilling a drop, because the gravity of 
the water is then overcome by the centrifugal force. When 
a swifl: stream begias to make a. beud in its course, the water 
wears away the soil aod even the rocks upon wJiich the 
current sets, and being thrown towards the oj^site bank by 
their resistance, it immediately begins to form a new curve 
on that side also. Eaeh bend thus becomes the cause of the 
formation of another; and thus are produced the beautiful 
meanderings of brooks and rivers. 

203, The whirling table, represented in Fig. 76, is a phi- 
loEophicai iuBtrumeat intended to illustrate the subject now 



I 




under discussion. In its simplest form, it iij composed of two 
wheels coupled by a band ; so that when one of ther 
turned by means of a handle. A, a circular motion is givea i 
to the other. The table is provided with various means for 
fixing upon it any apparatus upon which we wish to experi- 
menl. That which appears upon it in the figure is composed 
of a steel wire, B, firmly secured by a screw to the centre 
of the wheel F, and having a brass rinf; C, fixed perpendicu- 
larly to the axis, near its lower extremity. To this ring are 
attached four thin half hoops of brass or steel, D, D, D, Df . 
which are also connected, at their other extremilres, to tt 
second brass ring E. In the centre of this ring there is ■ 
small hole through which passes the wire B : so that if the 
hoops be bent, the ring C will slide freely along the wire. 
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These hoops are intended rudely to represent a globe. If 
the wheels be set in motion, the hoops will bulge out more 
and more in proportion to the velocity of revolution, and, 
together with the moveable ring, will assume the appeir- 
ance represented by the dotted lines in the figure. TTie 
cause of this change of form is obvious. The middle portion 
of the hoops, revolving with far greater velocity than those 
portions which are near the wire or axis of motion, have 
greater momentum and centrifugal force ; they therefore fly 
off, and cause the hoops to bend. All bodies that are made 
to revolve in this manner will assume this form if their 
particles be capable of moving upon each other, and if they 
be acted upon by their mutual gravitation alone. The earUi 
and all the planets have thus been converted into oblate 
spheroids. The earth bulges out 17 miles; so that a diameter 
drawn through the poles measures 34 miles less than a 
diameter drawn through the equator, and the surface of the 
sea under the line is 17 miles farther from the centre than 
the surface at the poles. 

204. If a vessel of "water with a spout, like a teapot, be 
fixed at the centre of the wheel of the whirling table, and the 
machine be put in motion, the water will rise in the spout 
and be forced out at its extremity ; for in struggling to fly 
off in a tangent from the vessel, it is restrained by the side 
of the spout, and takes the only course free for it, which is 
along the spout. If an open basin of water be treated in the 
same manner, the liquid rises on the sides of the basin, leav- 
ing a hollow in the centre until, when the velocity becomes 
great, it flows over the edge. If a branching chandelier or 
hanging lamp be slowly turned upon its chain several times, 
and then allowed to untwist itseL^ the oil will fly out on all 
sides to a distance proportional to the tightness with which 
the chain is twisted. A dog dries his shaggy coat after 
bathing, and an elephant dispossesses himself of a clumsy 
rider,by violently shaking the skin in the circular direction. 
You will now be amused and instructed in seeking additional 
examples of centrifugal force among the thou^inds of in- 
stances that surround you, both on the earth and in the 
heavens. 

COiMPOSITlON AND RESOLUTION OF F0RCE& 

205. Of compound forces producing uniform rectilineal 
motions, — When a body is put in motion by any force, the 
d inaction of the motion is always the same as that of the 
force ; but when two or more forces act in different directions 
upon the same body, the direction of its motvon ^.^\y^^j:s lobe 
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different from that of either of the forces. Let A, Fig. 77^ 
r^Nresent a body moying under the influence of two such 
Ikwces at the same time, and let one of these forces be such 
■By if acting alone, would compel the body to describe the 
rig^t line A B, in one second of time, while the other force 
would compel it to describe the right 
line A D in the same time. Under the 
joint action of these two forces the body 
will not move in either of these lines, 
but will take an intermediate course be- 
tween thent. It will describe the right 
line A C. Now draw the lines C D and B C parallel to the 
directions of the two forces. A B D C will then be a paral- 
lelogram, and the line A C, which may be used to represent 
either the direction of motion or the velocity of the body A, 
will be a dis^nal to that parallelogram. Such a figiu*e is 
called the parallelogram of motion. 

206. In order to ascertain the direction and velocity of 
any body moving under the influence of two forces at once, 
after they have both ceased to act upon it^ you have but to 
draw two lines in the respective direction of the two forces, 
and of lengths proportional to the respective velocities which 
would be communicated by each of those forces separately. 
Then complete a parallelogram having these lines for tvro 
of its sides, draw a diagonal from their angular point, and 
that diagonal will represent the direction and will he pro- 
portional to the velocity of the body, under the joint action of 
both forces. The reason of this is perfectly plain. Under 
the action of the first force the body continues to move with- 
out being either accelerated or retarded, in the direction A B, 
Fig. 77, or rather in directions continually parallel to that 
lincj all the time that it moves inji similar manner under the 
action of the second force in the direction A D, or in a di- 
rection parallel to A D ; and it 
must therefore reach the line 
G D at exactly the same mo^ 
ment that it reaches the line 
B C. As both the motions re- 
sulting from the original forces 
are rectilineal and uniform, 
the resulting or diagonal motion 
must also be rectilineal and uni- 
form. 

207. From this proposition it 
follows that it is impossible to 

8* 
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determine from the actual motioa of any body what' fim 
may have acted upon it, unless other circumstances aid mil 
the decision. Thus : suppose a body placed at A, Fig. 78, tl 
be acted upon by either of the two sets of forces reprcsentid 
by A B, A C, and A D, A £; the diagonal or resuMng 
motion being alike in both cases ; as is ascertained by cob^ 
pleting the parallelograms A B F G and A D F £, it cumotbe 
determined which of these two sets of forces produced the 
motion in the direction A F. 

208. If a body be put in uniform motion by more thu 
two forces acting upon it in different directions at the flune 
time, we may still discover the resulting or diagonal motion 
by the same or nearly similar means. Let A B, A C, A D 
and A E, Fig. 79, represent the direction and velocity of the 
uniform motions communicated to a body placed at A. 
Choose any two of these lines, such as A B and A C, tod 
upon them complete a parallelogram b 
ABC F. Draw a diagonal, A F, Vs^^ 
and this diagonal will give the direc- V^v^^^ 
tion and velocity communicated by \ ^*Ns._-— ^' 

the joint action of the two velocities ^ 

A B and A C. Upon this diagonal > 
A F and either of the other lines — b / 
say A D— complete a second paraUel- \ 
ogram and draw another diagonal, * f- to 

A G ; and this line A G then repre- *'* * 

sents the direction and velocity produced by the compound 
resulting motion A F and the simple motion A D : it there- 
fore determines the effect of three of the four forces that have 
acted upon the body A. Taking this diagonal for one side 
of a new parallelogram, associate it with the fourth line, 
A E, so as to obtain the diagonal A H, which will represent 
the joint effect of all the velocities. 

209. This process enables you to calculate the effects of 
any number of forces producing uniform motion, vohen theif 
all act in the name plane ; but even when they act in di& 
ferent planes, the same principles may be applied. 

210. Let A B, A C, A D, Fig. 80, represent the directions 
and velocities, measured by seconds, communicated to a body 
A, by three forces which do not all act in the same plane. 
Complete the parallelogram A B, F D, and draw the diag- 
onal A F, which will represent the combined or resulting 
'^elocities A B, A D. Then complete the parallelogram 
-^ ^ H C, and draw the diagonal A H. This diagonal will 
"^present the combined velocity of the compound velocity 
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▲ F.and the ample veldcity A G ; it « 

will -therefore express the efiect of all ^si"': ••.. 

4he forces acting on the body A. But 
if ryou complete the parallelopipedon 
npreaented in the ^ure, by adding 
die lines H £, H F, H 6, £B, £ C 
G C Bnd D 6, you will perceive at once 
that the diagonal A H is also a diagonal 
to this parallelopipedon, of which the ' *"*'• ^ 
Jines representing the different velocities impressed upon the 
body A, are measures of three dimensions of the solid ; 
length, breadth and thickness. 

211. Composition of Forces, — The velocity communi- 
cated to any one body by different forces acting separately 
is a measure of these forces -^ because^the weight of the body 
remaining unchanged, the momentum varies with the velo- 
city only (172) and we may therefore use the lines represent- 
ing the velocities as measures of the forces themselves ; or 
of the momentum which is produced by these forces. For 
this reason, the process of determining the resulting motion 
produced by several motions operating on a body at the 
same time is called the composition of forces* 

212. When two forces act upon a body at right angles 
with each other, they do not interfere with each ouier 
at all, thou^ they give an increased velocity to the 
body. Let It R, S S, Fig. 81, represent the shores of a 
river, and suppose the tide to be running fast enough to 
carry a boat from A to C in the same time that a boat could 
be rowed directly from A to B if there were no current. If 
the boat were to start from A under such circumstances, 

B D 
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A C 

Fig. Bl. 

steering directly across the stream, she would move along the 
line A D, and arrive at D at the very moment when she 
would otherwise have reached B. That is ; she would float 
as far down the river in every second of time by the force 
of the tide as if she carried no oars, and would advance 
across the river by means of her oars as fast as if there were 
no tide. Here the force of the oars and the force of the tide 
would not interfere, because they act at right anigleii lo ^i^iciJcv 
other. 
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213. But if the two forces act at an obtme ib^>«! V^o^t 
do iiitfrfiTo. Lot this boat, at starting, take the to» Iw ' V 
A E obliquoly up the stream. If there were no oaW* 
sho would reach the ]X)int E in exactly the time leranRiW 
cTossinjx directly, under the same circumstances; wt At* 
niadi' I'qual to A B. Now complete the parallelograniiBte 
the force of the oars A E and the force of the tide AC, v^ 
draw the resultant force A F. The boat will reach F * 
exactly the time required to carry her to D in the fottnB 
case ('2V1). But A F is shorter than A D; hence the t« 
forci's have partly opposed each other, for their joint e&d 1^ 
has hei'u lessened. If the boat should be rowed directly «p 
th«' stp'ain, the forces would be directly opposed, and sfe 
would move with a velocity proportional to the difference, 
advancinj^ up the river if the former prevailed, or retreating 
dcnvn the stream if the latter predominated. 

211-. If the two forces act at an acute angle they aid ead 
other, and produce an increased effect. Let the boat start 
down the stream in the oblique direction A G, making AG 
equal to A I). Draw C H equal and parallel to A 6 ; and 
compound tlie forces of the tide and oars by drawing the 
<iia^)nal A H. The boat will then reach H in exactly the 
time hvfoTv required to reach D, B, or E ; and as A H is much 
lonji^er than A D, it is evident that the two forces have 
assisted each otlier. When two forces act in the same di- 
rection, it is obvious that their effect will be proportional to 
their sum. 

215. Rcsolvfion of Forces, — When the direction and 
separate effect of one of two forces acting upon a moving 
body is known, and when the resultant velocity of the body 
is also known, the direction and separate effect of the other 
force may be easily ascei-taincd. Suppose the velocity of 
the tide in the river just mentioned to be three miles per hour, 
and that in ten minutes after starting, the boat has reached 
the j)oint H, one mile from A. The direction and velocity 
with which th(? boat is rowed is here evidently represented 
by the lim^ C H or A G. 

21(). When we know the angle at which the two forces 
meet each other ; such as A E F or A C F, Fig. 81 ; and also 
the direction and effect of the resultant force or velocity, 
A F, the two forces may be determined with the greatest 




igle at which the two forces meet be a right 
""Kb*, th«^ base and perpendicular of a right angled triangle 
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Fig. 83. 



win r^nreteiit the two impulsive forces, and ihe hf/pcike^ 
nuae at longest side will represent the resultant force ; 
because, the parallelogram of forces being a rectangle, its 
two diagonals ^are equal to each other ; but it will not repre- 
sent the ^direction of this force. Let us explain this by an 
example. The wind at sea is South-, while 
a strong current is setting East, and a 
ship is steering North, before the wind, 
moving at the rate of five miles per 
hour. We wish to ascertain how much of 
this resultant motion is due to the wind 
and how much to the current. Let A, 
Fig. 82, be the position of the ship ; A D 
the direction of her motion; AB that of 
the wind ; and A C that of the tide. Make 
the distance A D equal to 5 parts from a 
scale of equal parts, to represent five miles, and complete 
the parallellogram by drawing B D parallel to A C, and C D 
parallel to A B, and draw the diagonal B C. Then A B will 
rewesent the force of the wind, A C that of the water, and 
AD the resultant force. But B C is equal to A D, and it 
therefore also represents the resultant force, though not its 
direction : and A B C is a right angled triaingle of which two 
sides, A B, A C represent the impulsive forces, and the hy- 
pothenuse B C represents the resultant force. 

218. When we wish to determine how much of any force 
would be available in producing motion in any other 
required direction, we ^ 

may consider it as a 
compound force and re- 
solve it into its elements 
or take it to pieces. ^' 
Thus, let A E, Fig. 83, 
represent the surface of 
some hard body, to- 
wards which another bo- 
dy, C, is moving in the 
direction C B, with a 
velocity or momentum 
represented by that line. From C, draw G D, perpendicular 
to A E. Then C D will represent the velocity or momen- 
tum with which C approaches A E, while the base, D B, 
represents the velocity or momentum with which C moves 
in a direction parallel to A E, and these forces combined are 
equivalent to the resultant force represented by the hypother- 
nuse CB. 




Fig. 83. 
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219. When bodies . approach each other, it ifl only th_^ 
velocity with which they approach each other in the pecrrr 
pendicular direction that deterinines the force with whicII3 
they meet. Had the body C fallen directly upon the tabl — 
A E, all its momentum would have been available in tlfc.^ 
collision ; but as it moves obliquely, the portion of momerrs 
tum represented by C D alone acts upon the table, while ' 
far larger portion, D B, continues unopposed, as though 
collision had taken place. 
If you suppose A E to 
be the sail of a vessel, 
and the line C B to point 
out the direction of the 
wind, C D will show 
the whole of the effect 
upon the sail, while D B 
wiU represent the greater 
force which, acting in a 
direction parallel to the 
canvass, produces no impression whatever. Fig. 84 is a 
draught of the portion of a steam-boat wheel, presenting 
three paddles immersed j— one, F, just entering the water; 
another, D, at the lowest point of the revolution; and a third, 
A, just leaving the water.. The lines F H, D E, and A C 
represent the force which the paddles exert upon the water, 
which of course is exerted in a direction perpendicular to 
their surface. At the paddle D, the whole of this force is 
available in propelling the boat ; but at the paddles A and F, 

a considerable part is lost by acting in a direction perpen- 
dicular to the motion of the boat. Upon A, let fall the line 
B A, in the direction of the motion of the boat; and upon B 
raise B C, perpendicular to A B. The force of the paddle 
A is here resolved into two forces, one of which, B C, is pe^ 
pendicular to the direction of the boat's motion and can 
have no influence upon it. The only action of this force is 
to depress the boat in the water; to the surface of which it 
is perpendicular ; and it is only by the force A B that the 
rismg paddle A assists in propelling the vessel. Resolve the 
force F H in the same maimer, and it will be seen that it is 
by the force F 6 alone that the sinking paddle F assists in 
propulsion ; the remaining portion G H being expended in 
raising the vessel higher in the water. 

220. As only that portion of the force of a moving body 
which tends in a perpendicular direction upon another body 
has a tendency to act upon it, if a body strike another 
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^ <3hlique direction; as C B, Fig. 83; the strength and 

«ctioa of the blow will be represented by a perpen- 

line, C D, and if, after striking, there be no friction 

n the two bodies, the direction and quantity of motion 

laicated to the body struck will be pointed out by a 

^f equal length, B F, perpendicular to the surface at the 

^ of contact. Hence, if an in- a 

^c ball A, Fig. 85, be driven 

another Iwtll B, with the '**-,,^^ 
ity and direction represented ^^. 

^ B, the latter baU will fly off ^ 

^*lje direction B C, which is per- t -» 

^^icukr to the surface of B at / ' 

'- place of contact : — Or, if B be 
^^oveably fixed, the ball A will / 

'^'V'V?^ off in the direction B D, rig. 85. 

""^fc^ch is the direction of the surface at the point of contact. 
^T^^th these remarks, which are sufficiently extended for 
Yv^^ . immediate purposes, we close the subject of the com- 
^^Jfttion and resolution of forces. 

^CONSTANT FOUOES— ACCEL KRATED AND RETARDED MOTION. 

221. We have heretofore confined our remarks chiefly to 
^^Dtrces acting in a temporary manner and producing uniform 
^>U)tion : we must now consider the nature of constant forceSy 
))roducing accelerafai or retarded motions, 

222. Temporary forces cease their action upon bodies 
Vhen they have acquired or lost a proportional amount of 
Velocity : Thus ; two bodies coming into collision move uni- 
formly or come to rest after collision, when no longer under 
the influence of the impinging force : but constant forces 
continue to act upon bodies at all times, whether they be in 
motion or at rest. Such a force is attraction. When a. body 
is put in motion by attraction, it is not the less attracted be- 
cause it moves ; and as any motion which it may have ac- 
quired from this cause would continue uniformly if the at- 
traction were to cease, the continuance 6f the force must 
perpetually accelerate the velocity of the body until it 
arrives at the. place towards which it is attracted, unless op- 
posed by some other force. 

223. Motion Accelerated by Chavity. — Gravity, which 
is a central as well as a constant force, furnishes us with 
admirable illustrations of the effects of such forces. Like 
light, heat. and all other influences, diffusing themselves 
iiTall directions from a centre, or tending in like manner 
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towards a centre, iti action upon all material tlungi cfr 
tcrnal to the attracting body varies inversely as the iqurect y 
the distance from the centre of that body. Thus', a bodj y ^ 
weighing one pound at the surface of the earth under the ecpi^ 
tor, would tend towards the earth with a force of onlj oo^ 
fourth of a pound at the height of 3977^ miles— this beingtbe 
length of the radius of the earth at that spot. If a body n- 
pended upon the hook of a spring steel-yard be carried to the 
summit of a lofty mountain it appears to weigh percepUfalf 
less there than at the base of the mountain, because thefocaa 
the spring remains the same, while the gravity of the bodf 
is diminished : yet if weighed upon a scale-beam, the reiu 
will be the same in both situations, because in this case the 
gravity of the weights and the body to be weighed are 
equally affected. But the greatest height to which man n 
able to ascend is so small in comparison with the radius d 
the earth, that, for most practical purposes we may consider 
the force of gravity as vniform as well as constant, in all 
places within reach of our experiments. 

224. When any body near the earth is left at liberty to 
obey the attraction of gravitation, it falls slowly at first, and 
is easily observed; but, rapidly increasing in speed, it soon 
appears as a mere streak of light or shade, growing fainter 
continually until, if small, it becomes invisible to persooi 
standing near it. 

225. As gravity is acting all the titney its whole force 
when acting upon a falling body must be measured by the 
time during which the body falls : and as velocity is alwayi 
proportional to the force which produces it, the velocity ao* 
quired by the body must be proportional to the time. Hence ; 
the velocities qffallinfr bodies vary directly as the times, 

226. When a body begins to fall by gravity, its velocity 
is nothing, but at the end of any given time, — a second, fiw 
example, — it becomes considerable, and may be measured. 
Velocities, as you have been told, are measured by the ^ces 
described by the moving body in a given time, when in a 
state of umfor7n molion. Now, the motion of a falling body 
not being uniform, but increasing regularly from nothing, 
we must measure it by the space through which it wouu 
move with a mean or middling velocity in a given time, were 
'hat velocity made uniform. But, if the body fall through any 
given distance in the first second of time, its mean velocity 
will be acquired in half that time (225). Let us make this 
^ean velocity the unit of our measure of velocity, and let 
the distsuice described under it in one second be our unit of 
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distance in measuring the spaces described by a falling body. 
As the actual velocity varies directly as the time of falling, 
the body must be moving twice as fast at the end of the first 
second as when it moved with its mean velocity at the end 
of half a second ', and as the latter is assumed as the unit, its 
velocity at the end of the first second will be Expressed by 2. 
If the motion could now be rendered uniform ibyjhe removal 
of the force of gravity, the body would desqribe'twipe the 
distance per second that it described during the first secoind. 
But it cannot be uniform.; for, during the n^^xt second the 
constant force of gravity has time ,to commukicate to it asr 
mach velocity as during the first second; wiiich velocity \ 
"WBs represented by 2. This, added to the velpcity previ- ' 
ously acquired and of coiu'se retained,-— for there exists no 
farce in action to check or destroy it — ^brings the Kbdy to the 
end of two seconds with a velocity of 4. The additional 
speed produced by gravity during the second period of time, 
heing produced in the same manner and to the same extent 
with that produced during the first period, causes the 'body 
to Ml through a distance equal to that described duringXthe 
first period, in addition to that which it would describe by 
its acquired velocity were gravity to cease at the end of the 
first period. Now, the distance described during the fir^ 
period was 1 ; and that which would be described during the 
second period, if the effect of gravity were to cease at the 
conclusion of -the first, is 2 : Therefore the actual distance 
described by a falling body during the second period will be 
represented by 3, . 

227. As gravity acts precisely in the same manner during 
each succeeding period of equally divided time, it is obvious 
that it must add a velocity equal to 2, by the .end of each 
second, and must cause the body to describe during each 
second, a distance equal to 1 in addition to that which it 
would describe in that second without the aid of gravity. 
. 228. You are now prepared to understand the following : 

TABLE 

Of the velocities acquired and the spaces described by 
bodies falling freely from a state of rest under the action 
of the attraction of gravitation, 

(fl) Times measured by seconds ; 1, 2, 5, 4, 5, 6, 

(ft) Velocities acquired at the end of) o . q 8,10,12. 
each second ; j > > » » > 

9 
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(c) Spaces described solely from the ) 
impu]s«> of gravity during each > 1, 1, 1, 1, 1, !• 
second : \ 

(d) Spaces described during each ^ 
second solely by previously ac^ > 0, 2, 4, 6, 8, 10. 
quired velocity ; ) 

{e) Total spaces described in each' 

second; — being the sums of the - 9 5 7 Q 11 
corresponding terms of the two * ' ' > t • 
last series ; 

(/) Spaces described between the' 
beginning of motion and the end 

of each second: — ^being the sums [^ . oifio^qfi. 
of all the preceding terms of the f ^' *» ^> ^^» -^^ ^ 
last series up to the end of each 
second ; 

229. From the foregoing table we may deduce the fol- 
lowing conclusions, which should be treasured in the memoiy: 

1. Gravity, when uniform, adds equal amounts to the velocity 
of falling bodies, and causes equal additions to Uie space 
described by them, in each successive equal period of time. 

2, The spaces described by previously acquired velocity in 
each period are expressed by a series of all the even num- 
bers, beginning with 0. 3. The actual distances described 
under the influence of gravity in successive periods are 
expresst^d by a series of all the odd numbers. 4. The whcde 
distance described in any portion of time Composed of a 
given number of equal intervals may be found by adding 
together all the members of a series of odd numbers, up to 
the given number — the distance described during the first 
interval being taken as the unit of measure. Thus ; the sum 
of throe odd numbers, 1, 3, 5, gives 9 — which represents the 
distance through which a body falls by gravity in three equal 
periods of time : so ; the sum of ten odd numbers gives 100, 
which represents the distance through which a body falls by 
gravity in ten equal periods of time. Now, it is a property 
of such a series of odd numbers that if we add up all iU 
members from the beginning to any particular point, the 
sum will be the square of the number of members between 
the commencement and that point: Therefore; — The dis' 
tances described by bodies under the ivfivence of gravity 
during different intervals of time measured from the eoKf 

^^ncement of motion^ vary directly as the squares of ike 

^imeft. "^ 
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330. As the numbers in the foregoing table have merely 
a relative and not a positive value, the rules laid, down in 
the last paragraph apply equally well to all equal periods of 
tinre, all measures of distance, and all degrees of strength 
with which the force of gravity acts on tailing bodies, so 
long as that force can be regarded as vnifort/i, 

231. It is very obvious that these results are not owing to 
any absolute peculiarity of the attraction of gravitation, being 
due solely to the fact that it is a force acting uniformly and 
constantly ; and you will therefore require no further proof 
that all constant and uniform forces and their effects must be 
governed by the same laws. 

232. Experiment proves that_a body left free to fall by 
gravitation towards the earth, near its surface, in the neigh- 
bourhood of London, falls about 16 feet and 1 inch during 
the first second of time. You have then only to multiply 
the . members of the proper series in the foregoing table by 
16 1-12, to obtain the numbers expressing the relations of 
velocity- and distance as observed in falling bodies near the 
earth when measured by seconds and feet. To obtain the 
same relations at any considerable height above the earth 
you should remember that the force of terrestrial gravitation 
varies inversely as the square of the distance from the earth's 
centre (229), and that the velocity of moving bodies varies 
directly as the . force which produces their motion : You 
will then perceive the truth of the following statement. — ^As 
the square of the earth's radius is to the square of the dis- 
tance of the moving body from the centre of the earth, so is 
the distance of 16 1-12 feeij to the distance through which 
the body will fall during the first second of time. This gives 
you a number to use as the unit of distance in the table, when 
adapting it to the height of any body. 

233. As the earth is an oblate spheroid, and not a sphere, 
the attraction of gravitation is strpnger at either pole than at 
the equator, because the surface at the former is nearer to the 
Gentry than at the latter station. At the poles, the fall of 
bodies during the first second of time is found by calculation 
to be 16.127 feet; while, at the equator, observation shows 
it to be 16.044< feet; and 16 feet and 1 inch is a near ap- 
proximation to the average. 

234?. If we throw a stone from the summit of a precipice, 
we are able to judge of its height by noting the time which 
intervenes between the casting and the rebound of the stone, 
which is readily done by means of a stop-watch. Thus; 
if this interval be ten seconds, the height, (neglecting tha 
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rfTort of tho resistance of tho air, — ^urhich ig not very greit 
iHuliT Muh velocities, — and the time occupied in the puBi^ 
of litcht, — which is incalculahly small,) will be 100 tino 
1<) 1-1*2 fti't: r)r, if the interval be four seconds, the hei^ 
will he 1() tim(>s lt> 1-1*2 feet. We can also judge tiie pn- 
^MMulicuIar depth of caves, wells, &c., by this meuH; tiking 
for our ^u'de, instead of vision, the sound of the rebomidiog 
])el)hle ; hut then we must allow for the time occuped in 
tilt* piissap^e of sound j which spreads at about the rate of 

I 1(>'2 feet |)«'r second. 

^i.'if). When a Inxly ascends against gravity, it must loce 
'tis iiiurh velocity }>v the action of this force as it would giin 
Av.-it' It fidlin«:j for the same length of time : for the attractkm 
A\ liicli in the latter case would accelerate its motion down- 
Av;u(l, retards it when rising, to the same extent. Therefore 

II bodv iiicreasin«x its distance from the earth's centre, loses 
a velocity which may be expressed by 2, and a distance 
e(jn;il to 1, iicc^)rding to tHe scale adopted in the last table, 
during each second of prc^press. That table, therefore, applies 
eriually to the acceleration of falling bodies and retardation 
of risini^ lx)dies. If, then, a body be projected upnTirda^ 
with a velocity equal to two, it w^ill come to rest in one 
second, and if projected upward with twice or thrice that 
velocity, it will rise through two or three seconds accord- 
ingly. I)ut in one second, it will describe a distance equal 
to 1, while in two seconds it will describe a distance equal 
to A*, and in three seconds a distance equal to 9. (See Table, 
pa^e 9S, Serivft f,) 

2'M). Hence} bodies urged against a constant and uniform 
oj)posing force, — such as gravity near the surface of the 
earth — will describe distances proportional to the square of 
their initial or commencing velocities, or the squares of the 
times during which they continue to move : thus, a body 
shot upwards with an initial velocity equal to 2 will rise 
four times as high as another body projected in the sane 
direction with a velocity equal to 1. But when bodies are 
proj{»ct(»d to great elevations, allowance must be made for the 
diminution of the force of gravity as they ascend. 

237. If a iKxly be projected from a height in a horizontal 
direction, it comes to the ground in the same time and with 
the same velocity as if it were simply dropped from the 
hand. When you suddenly brush a number of small articles 
from a table, though some of them usually fly much farther 
than others, they all touch the floor at the same moment 
A ball fired in a horizontal direction, Fig. 86, strikes the 
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^Iam,-if level, in exactly the same time as if it were amply 
xoUed from the mouth of the cannon. Here gravity acta i^ 
ft right angle with the prelecting force, and hence the two 
forces cannot accelerate or retard each other. If one 
ball be thus dropped and another fired at the same moment, 
M in the figure, they will always be found at the opposite 
ends of the same horizontal lines, A A, B B, C C, at the 
nine moment. 

238. ty Projeetilei. — In the last paragraph, gravity is con- 
■idered as always acting in a direction perpendicular to the 
sune horizontal line ; but this is not strictly true. The dire^ 
tion is every where perpendicular to the surface of the earth 
because it tends towards the centre (16), but, tor this very rea- 
•on, gravity cannot be exerted in precisely parallel hnes. Its 
direction at B, Fig. 87, ia even apposite to that observed at 
A, while at C it is at right an- 
gles to both these directions. 
Even the two scales suspended at 
the extremities of an ordinary 
'weighing beam take a shghtly an- 
gulu position in consequence of c 
their separation. But, for most 
practical purposes, this ai^ularity 
may he neglected in calculations 
relating to falling bodies whose 
whole course does not exceed the 
range of a cannon shot ; for it ^i- ff- 
amounts to only 1' for each geographical mile of distance. 

239. Having shown that gravity, in retarding or accele- 
rating motion, produces invariable effects whatever may be 
the course of the moving body, let us consider the nature of 
the curves described by bodies falling obliquely. Let the 
horizontal line, A B, Fig. 88, represent the direction of a 
body suddenly projected from A ; and let the equal divisions 
1,2, 3, &c., represent the distance through which lh« ^scA-^ 
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would movo in as many consecutive secondi if its motko 
\viT'> nH'tilinoar and uniform. From the instant of staitiK 
this liody Ix'j^ins to fall by the force of gravity, and it ^ 
wltli the samt' accolcrat^'d velocity that it would doif allofwed 
to ol.M'y tho laws of attraction, unintiuenced by the projecting 
forcj'. It then'fore obeys both these forces; the nxjtioi 
consequent upon one of which — the projectile— is ipiifonD, 
and the other motion — that of gravity — accelerated according 
to the law already pointed out. At the end of the first secoDd 
of lim(», the body will have travelled in the direction parallel 
to the horizon as far as from A to 1 : but, by this time it 
will have fallen a certain distance, by gravity, in a perpeo- 
diciilar direction. Let the distance be represented by the 
line from 1 to 1. In another stxond it will have moved 
forward until it comes under 2; but in these two secor-dsit 
"\^ill have fallen by gravity four times as far as during the 
first second (22S,/). 

Drop a perpendicular ^ i2345e789 
from 2, and upon it 
lay off a distance 2, 4, 
equal to four times 
1, 1, and this will 
show the position of 
the ball at the end of 
the next second of 
time. In three sec- 
onds the body will 
have arrived under 3 ; 
but by the same law, 
it will have fallen 
nine times as far as it 
did during the first 
second : therefore lay off this distance along the perpen- 
dicular 3, 9, and 3^ou determine the position of the body at 
the end of three seconds. Proceed in like manner for each 
succeeding second till the body reaches the ground: then 
join the points 1, 4, 9, &c., and you will form the curve 
A C, representing the route of the falling body. Such 
a curve is called parabolic because it is part of a parfl- 
bola. 

240. Here the distance through which the body falls from 
the horizontal line, is everywhere proportional to the square 
of the time during which it has been in motion, according to 
the general law of gravity (229). Jf, then, a body be pro- 
j«'cted obliquely upwards or downward in any direction, this 




Pig. 88. 



or PROJKOTILEB. 



108 




Fig. 89. 



detertnines the parabolic curve that the body will describe 
it reaches the ground. In Fig. 89 — the notation re- 

•- teining the same — let A B re- ■ , 

E-ifresent the initial direction of 

jJIQie' body; drop similar perpen^ 

tiAcular lines from the points 

^ Fbich would be reached by uni- 
ibrm motion in 1, 2, 3, &c., se- 
conds respectively; and on these 
lines lay off the same respective 
distances that were employed in 
the last figure. Then on join- 
ins the several points thus ob- 
tained, the curve will be repre- 
sented by the line A C, and this 
will also be a parabola. In the 
former figure, the body describes 
a portion of one side of the curve 
only ; but in the latter it describes 
a portion of both sides of the 
curve. In this process we subtract the efiect of gravity 
firom that of the projecting force in causing an upward move- 
ment. 

241. When a body is projected directly upward, it mounts 
just half as high as it would do were its motion uniformly 
continued during the same time in the same direction, be- 
cause its mean velocity is acquired in half the time during 
which it moves. 

242. This law is equally applicable when the body is pro- 
jected obliquely upward. Let ADC, Fig. 90, represent 
the actual course of a ball pro- 
jected from A, in the direction ..• • 
A B, with a velocity by which it 
would reach the point 4, if its 
motion were uniform, in foiu* 
seconds of time, and by which it 
actually reaches the point C with- 
in that period. As a body 
reaches its greatest height, when 
ascending, in exactly the time 
which it requires to fall through 
the same space, the body re- 
ferred to in this illustration will rise during two seconds 
and Ml during t^o seconds. At the greatest height, then, 
it will be perpendicularly Xinder the number ^, «s!A K^ 
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will rr'prnsr'nt the distance which it it'ould desczibe daring 
th<f tirrip that it is rising, were its original motion unifoim 
J)rijj) thn lini' 2 E perpendicularly upon A E- Too thui 
n's^iivj- A *-i into two forces or velocities; A E, which 
iiiis no ('fr<'ct ill (h'vating the ball, and £ 2« which alone acts 
in thut rnann«'r. This line therefore represents the height to 
which till' hcjcly would be elevated by the projecting force 
alonr inthf time which gravity requires to destroy itsup^iird 
motion. But tli<* direction of gravity being perpendicular to 
A K, its action is in no degree influenced by it, and must 
destroy just as much of the upward motion in two seconds as 
if th«' hall wrri' shot directly upward from E with the velo- 
city h] 2 : now w^re this the case, vou have been already in- 
fornu'd that the ball would be brought to rest, or, its upiiTird 
motion would b(; destroyed at half the height of E 2 (241). 
'flic summit of the parabola A D C is therefore just half ai 
high as the jwint 2. 

21'}. If a iKxly bi^ projected obliquely- downward, we trace 
its track under the joint action of gravity and a projecting 
force in a similar manner, but instead of subtracting the pe^ 
pendicular efli-ct of gravity from a 
that of the projecting force (240), Nj 
we, in this case, add them to- nn2 

pt'tluT. Preserving in Fig. 91 \*? 

the same* notation as in former \ ^*4 

figures, drop, as before, perpen- \ r""? 

dicuhu" lines from the numbers \l j^? 

representinc; the uniform velocity \ j { \. 

ibr successive seconds, and apply \ j j » 

ujxMi them the distances repre- \ I 

senting the effects of gravity du- \ j 

rini^ the corresponding seconds, \i 

and then, hy completing the c 

curve as before, we find a portion ''**^- *** 

of a parabola that represents the curve of the falling body. 

2-1 '1.. ParalK)lic motions produced by gravity give rise to 
many beautiful phenomena. Thus, when water first issuei 
from a fountain jet, it appears as a comparatively narrow 
stream, hut it soon becomes thickened by the resistance 
of tlie air. In the absence of wind, the particles being 
gnidually })ressed outwards in all directions from the axis, a 
<*<'i-tain (jeirree of horizontal motion is communicated to them 

"<'h causes the drops in falling to pursue a parabolic cur^ 
vatun.. ()|)|ique and horizontal jets follow tha same law 
tliul jrovrriiK solid bodies when projected in a dmilar 
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manner. Thefe effecfa are beautifully displayed in Fig. 
92 ; and the drops of water or mud thrown off from 
grind-stones or coach 
wheels in motion, 
iiirniah additional ex- 
amples. In Fig, 93 
you see a presenta- 
tion of a bombard- 
ment and cannonade 
between a fort and 
vessels, displaying a 
considerable vanety 
of form assumed by 
paiabolffi of motion under different elerationa of the line of 
projection. 

245. The foregoing calculations of the motions of pryeo- 
tiles have been made without reference to the effect of the 
resistance of the air, which indeed exerts no very important 
influence upon nnaU, heavy bodies moving through short 
dittances at moderate velocitin; but in regulating the 
Erection of large cannon shot or boml>«hell8, it is never 
neglected by gunners, and even the American rifleman malcea 
■llowances for it in taking aim. This resistance doee not 
destroy the value of the rules laid down in the foregoing para- 
paphs ; but there are many other sources of error dependent 
upon irregularities in the form of the projectile and its more 
n- lesa rapid revolution upon its axis, upon the friction or 
unequal compreasions of the air, and upon other causes not 
nbject to calculation. These render the exact estimate of 
the (MNirse of bodies moving in what. are termed renting 
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nudia, such as our atmosphere, a difficult study even for the 
most dcilltil mathematician. 

S4'6. Mr. Atwood, an English philosopher, has invented ■ 
beautiful machine f9r deraowrtntinK experimentally the Itn 
of gravity. It is represented in Fig. 84. W repcesenli a 
lai^e, heavy, metallic ir 

wheel running upon a 
polished' axle of eteel, 
which is supported up- 
on four smaller wheels 
with brass rims, called 
friction whefU because : 
they diminish the trlc- 
tion of the great axle in 
revolving. Two of 
these wheels are seen 
at A, and one of the 
other pair appears be- 
tween the spokes of W. 
They are all supported 
by a wooden frame B, 
carrying a small clock, 
seen beneath A, and a ' 
pendulum K, marking 
second or half sec- 
onds. This frame - is 
secured upon an up- 
right stand D, which is 
graduated to feet, inches 
and tenths. Upon it 
moves a sliding plat- 
form I, securahle at any 
height by means of a 
thumb screw behind 
the stand ; also, a slid- 
ing metalhc rod, ter- 
minatii^ in a ranall 
ring, and securahle in 
the same manner. A 
light cord is thrown over the wheel W, carrying at its appO' 
site extremities the equal weights E, F, 

247. Now the weights E, F, being equal, CTactly bolaoce 
each other ; but if a small rod or other weight G be hid 
upon E, it will gravitate more powerfully than F, and will 
cause the wheel to turn. 
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■ 248. The greater the amount of inertia to be OTercome 
While the force of gravity acting upon a body remaini the 
Mine, the longer is the lime required to comniunicate any 
pren velocity and the slower the motion acquired in any 
^n time. If the little rod G were permitted to fall freeJy 
n its gravity, it would describe sixteen feet apd an inch, or 
193 incliea in one second ; but as the other parts of the ma- 
chine are all balanced aod at rest before G is added, the 
inertia of the whole machine must be overcome by the 
mvity of G alone, when it is placed upon £. Now suppose 
E^uad F to weigh each eight pounds troy, and G an ounce 
only: then flie inertia to be overcome by the gravity of one 
oance of metal in this case — even if we neglect the weight 
of the cord, that of the wheel W and that of the friction 
wheels — is the inertia cf 193 ounces of matter; and hence 
the motion communicated to the whole mass during the first 
tecond, by the gravity of G alone will be only the one hun- 
dred and ninety-third part of that acquired when fdling 
freely during Mie second : that \», the bar will fall one inch 
during the first second, four inches in two seconds, &c., and 
the table at page 98 becomes directly applicable in all 
respecta to the velocities acquired, and the distances described 
by E during successive seconds. Here it is evident that by 
ri^lating the size of the weights E and P, and that of the 
bar G, we can procure accelerated or retarded motions of 
any desired velocity; so aa to observe their laws at leisure. 
By means of this instrument — due allowance being made for a 
little friction which can not be entirely destroyed — all the 
laws of accelerating and retarding forces have been fully 
demonstrated in series of actual experiments requiring but 
little mechanical skill. 

249. Of Elliptic motiont prodveed by Gravity. — The 
parabolic curvature of projectiles is observable only in those 
of a small range ; — and it is now d 

proper- to speak of the course 
of bodies moving through greater 
distances, on which the force of 
gravity acts in widely different 
directions at different points in 
their course. Were the rewst- 
ance of the air removed, a cannon 
ball shot from the top of a high 
mountain wouid probably tall at 
the distance of 40 or 50 miles. 
Witli still greater projectile force, 
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it might travel as &r aa A, Fig. 95, which rudely repieiati 
the earth and a mountain, D, from which the body is suppoied 
to b<» projected. Now the direction of gravity at A ib vay 
wid4*ly difn'roiit from that at D, — both tending towards the 
coiitrt' of lhi» sphere — consequently, the curve A D, 
seiiting the course of the ball, can not be a parabola; see- 
8S, |>ii(r(.> 102. By still greater projecting force, the ball 
be carried, even through the atmosphere, to B or C ; and hence 
it appears that its velocity might be so far increased as to render 
tht> centrifu^l force equal to gravity. Under such circum- 
stances, the ball would not approach the earth at all, but would 
return to the top of the mountain from which it started ; where, 
b<nn«T placed in exactly the same condition of motion, direc- 
tion, and distance from the centre of attraction as at first, it 
would continue to revolve round the earth as a planet, ever 
after. The projectile force required to produce such a littk 
moon or satellite to the earth in the absence of an atmosphere, 
would be but ten times as great as that which sometimei 
propels a cannon ball ; and accidents of this kind may have 
occurred from the vast forces exerted by volcanoes in our 
own and other planets. Some persons believe that certain 
meteors are bodies of this character. 

250. If all the attractive power of the earth were concen- 
trated in the centre, and if the impenetrability of matter did 
not prevent the ball in the last illustration from proceeding 
after it comes to the ground, it might be supposed that when 
falling in either of the curves D A, D B, D C, Fig. 95, it 
would continue to revolve in a spiral line until it arrived 
at the centre ; and also, that when the force was sufiScientto 
carry the returning ball higher than the mountain, it would 
go on revolving in a spiral enlarging for ever. Such would 
be the results if the centrifugal and centripetal forces were 
varied in simple proportion when the orbit of a body revolv- 
ing around a centre of attraction is enlarged or diminished ; 
for, in this case, either of these central forces having once 
gained an ascendency, there would be no force in existence 
to check the motion resulting from that ascendency. 

251. But it is proved, both by theory and experiment, that 
whil(» the force of gravity varies inversely as the square of 
th(» distance from the centre of attraction, the centrifugal force 
varies inversely as the cube of that distance — ^the momentum 
of the revolving body remaining the same. Hence, when 
any force drives such a body nearer to the centre than its 
proper orbit — ^whcre the two central forces are balanced, — the 
increasing centrifugal force compels it to fly off again to a pro- 
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porti(»ial distance, and when any force drives the body be- 
^aod its proper orbit, the rapidly diminishing centrifugal 
Corce allows gravity to compel its return to the proper dis- 
tance : thus ; though thousands of causes are constantly dis- 
kurbing the regular movements of every planet, its own 
tnertia and the balance between the central forces as con- 
stantly restore it to its proper position. Therefore, imder 
Ihe circumstances mentioned in paragraph 250, the cannon 
ball could never reach the centre, but, after approaching 
within a certain distance of it, would fiy off again and return 
to the mountain top, in an elliptical orbit. If falling bodies 
ever pursue a spiral course, as represented' in Fig. 95, it is 
because the resistance of the air or some other opposing force 
prevents them from pursuing an elliptical track. The proof 
of this fact, however, though simple to the mathematician, is 
almost too puzzling to beginners. In the absence of an 
atmosf^ere, a body projected with such force as to pass half, 
round the world, though it might fall from the height of a 
million of miles, and might almost graze the surface at the 
point of its nearest approach, would never fall to the ground, 
but would revolve round the earth as a saH^Uite or mundane 
comet, according to the momentum and direction originally 
impressed upon it; which direction therefore determines 
the dimenfflons of the orbit. 

252. Kepler was the first to observe that the planets actu- 
ally revolve in elliptical orbits, and found that a line drawn 
firom the centre of attraction to the moving body always de- 
scribes equal spaces in equal times. Let C, Fig. 96, repre- 
sent a centre of attraction, and A a planet revolving round it. 
Then the line B A, which joins them, will describe equal 
spaces in equal times. Thus ; if A revolve as far as B in one 
month, year, or other period of time, it will reach D in an- 
other equal period, making the space 
A C B equal to the space BCD; and 
it will observe this law throughout 
its whole course. Kepler also ascer- 
tained that there is but one point in 
the orbit of every planet where the 
velocity of the planet is greatest ; 
which is the point nearest to the 
centre of attraction (Fig. 96, E) : and 
one other point, where the velocity 
is slowest; which is the point far- 
thest fix)m the centre (A). Between these points he found 
10 
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the motion to bo regularly accelerated while the planet i " 
apprcKiching the centre, and regularly retarded while it ii 
n-tiring from thi* CHntro. Now, there are but two poinh 
within an elliptical orbit, round which a body can reroWe 
with a vrl(x;ity regularly accelerated and retailed, insDchi 
manner as to describe equal spaces in equal times ; and theie 
points are the foci of the ellipse, (C and G). Therefore, by -^ 
necessity, the centre around which all the planeli re- 
volve must be in the common focus of all their elliptical 
orbits. It was demonstrated by No'wton that when the at- 
tracting force varies, like gravity, inversely as the square of 
the distance, the only possible cur^'es that the orbit of a pro- 
jeetile can assume and maintain under the influence of dis- 
turbing causes, are the three conic sections — the cUijm^ the 
parabola, and the hyperbola ; and the character of the curve 
will be determined by the velocity of the body. But, as the 
])arabola and hyperbola are curves which do not return into 
themselves, like the circle and the ellipse, they can never 
form entire orbits. A very large ellipse may resemble 
either of the curves just mentioned so closely that in exam- 
ining a relatively small portion of one extremity only, we 
njay be unable to distinguish between them. This is the 
case with the orbits of many comets, of which but a small 
])ortion is visible ) and it is thei^ impossible to foretell the 
moment of their return, or indeed, to say that they will ever 
more revisit our system. If the orbit of a comet be really 
parabolic or hyperbolic, there is reason to believe that 
it is a wanderer from some distant group of worlds, and that 
if destined once more to visit the regions of the sun, it roust 
be owing to some modification of its orbit, the result of at- 
tractions far beyond the reach of calculation. 

2f)3. Action of constant forces on bodies moving along 
inclined planes and curves, — ^The pendulum not only enar 
bles us properly to divide that most valuable of all posses- 
sions, — time, — but it furnishes us with accurate means for 
measuring the figure of the earth, and casts light upon a host 
of qu(»stions in m(*chanics and astronomy ; but before we 
touch upon this interesting subject it is necessary to explain 
the application of the laws of gravity to the motions of bodies 
under the influence of gravity upon inclined planes and 
curves. And in these remarks we throw aside all con- 
sideration of the resistance offered to the moving body by 
friction and atmospheric resistance. 

r?i^u'' ^^^ ^®^' ^^^- ^"^^ represent an inclined plane; 
^ i> being its length and A C its perpendicular heio-ht : and 
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^t D be a body left free to roil 

iown the plane ; also let D E rep- 

"^aieiit the whole force of gravity 

dieting upoa D, measured by the 

wtance through which it would 

1^ in any given portion of time, [/ 

iQch as one second. Resolve this ^ 

Arce into two, by drawing the line *"««• 87. 

DB parallel to the plane, and the line E F perpendicular 

to D S. F E will then represent that portion of the force 

of gravity which acts perpendicularly upon the plain, and is 

consequently destroyed by its re-actioh ; while D F will 

represent the portion which ui^es the body down the plane. 

D will therefore descend to F in exactly the time that 

it would fall by the whole force of gravity to E : because 

the velocity of moving bodies is proportional to the force 

moducing it. Hence the force of gravity urging the body 

down the plane is to the whole force of gravity as D F 

is to D E ; and the time required to descend through D F 

under the force D F, i^ to the time required to fall to E, 

under the whole force of gravity, as D £ is to DF. But, 

because the two triangles ABC, D F E are similar to each 

other, D E is to D F as C B is to C A— as the length of the 

plane is to its height.* 

255. These facts establish the truth of the following laws ; 
which should be committed to memory : 



* As you are Bappoeed to be unacquainted with geometjcy, this fkct 
must be illustrated. — As D F is parallel to C B, and D E to C A, the 
inclination of the two first lines towards each other is exactly the same 
as that of the two last : that is ; the angle E D F is equal or similar to 
the angle AC B. But the angles DF£ and CAB are both right- 
angles, and therefore equal to each other (58). Therefore, in the two 
triangles D E F and ABC, two angles of the one triangle added 
together are equal to two angles of the other triangle added together. 
Now ; the three angles of CYery triangle arc equal to two right angles, 
or 1 80 "(66). If, then, you take the sum of the two angles at D and F from 
180^ you obtain the dimensions of the an^k at E; and if you take the 
same sum, or — what is exactly equal to it— the sum of the angles at 
C and A — fi*om the same ISO*^, you obtain the dimensions of the angle 
at B. The angle at B, which is in the triangle A B C, is there^re 
equal to the angle at E, which is in the triangle D E F — so that in 
these two triangles the corresponding angles are all equal to each 
other — or, their sides are inclined towards each other in the same 
manner. Thus it is shown that two triangles are perfectly similar in 
form and differ only in size. Their corresponding sides, then, are 
proportional to each other iii all respects; and DF is toDE as the 
height €>f the pluie is to Us length. 
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(a.) The force of gravity acting upon a bodj placed Jtpk 
an incliiK'd plane is to the whole force of gravity actuf 
on the body, as the height of the plane is to its length. 
(h,) The time occupied by a body in descending an indiDcl 
plane is to the time occupied in falling freely throu|^ the 
height of the plane, as the length of the plane is to iti 
heit^ht. Therefore ; 
(c.) The times occupied in fallii^ down different inclinel 
planes of similar height, by gravity, must vaiy u the 
lengths of the planes ; because the heights are all equal 
{d.) Gravity acts on bodies upon inclined planes as a cod- 
stant force, subject to all the laws which govern the action 
of gravity upon projectiles (231). But the distance-de- 
scribed by bodies falling by gravity or propelled by any 
other uniform and constant force, varies as the squares i 
the times (229). Therefore : 
(e.) The times occupied in descending different inclined 
planes of the same inclination vary as the square-roots of 
their heights: 

Moreover, under the action of constant forces, the ve- 
locities vary as the times (Table, pe^e 97, series a and h). 
Therefore : 

(/.) The velocity acquired by descending different pknes 
of equal perpendicular height is always the same. 
]&ut the perpendicular height of any plane may be re- 
garded as in itself representing the mc»t inclined of all pos- 
sible planes. Therefore : 

(gJ) The velocity acquired by descending any inclined plane 
is equal to that gained by descending through the perpen- 
dicular height of the plane. 

256. A very important problem in the theory of inclined 
planes is this : The descents of 
bodies through all chords of a 
circle drawn from either ex- 
tremity of a diameter perpen- 
dicular to the horizon are com- 
pleted in equal time ; and that 
time is precisely what is requir- 
ed for a body to fall freely 
through the entire diameter of 
the circle. In order to explain 
this fact we must inform you 
that every angle formed be- 
tween two lines drawafrom the opposite extremities of a diam- 
eter to any point in the circumference of a circle must be a 
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ansle ; when you study geometry you will learn the 
r this. The angles D, C, F and E, Fig. 98, are therefore 
^t angles. Now ; suppose the several little balls re- 
nted at these points to be descending the several in- 
i planes D B, C B, F B and E B. They wiU all reach 
oint B in the same time exactly. For ; let A B repre- 
:he force of gravity, or the distance which a body would 
a the time required for the ball D to reach the point B. 
D A, and because the angle D is a nght angle, the force 
ivity is resolved into two forces, — ^A D, which is perpen- 
ar to the plane, and is therefore overcome by its resist- 
, and D B, which represents the portion of the force of 
ty which urges the ball down the plain. In the same 
ler you may prove that the lines C B, F B and E B 
■ally represent the fbrces urging the three remaining 
down their several inclined planes. But the distance 
•ibed by a body under the action of any force in a given 
is proportion^ to that force : Therefore these lines re- 
fnt the distances which any bodies would describe in 
ending these corresponding planes during any given 
on of time ; and therefore, if the balls all conmienced 
motion at once, they would reach B at the same instant, 
the diameter A B is but the perpendicular into which 
shords would vanish if continimlly increased in length ; 
at it may be regarded as an inclined plaile in a semi- 
e with the greatest possible degree of inclination, and its 
mt would therefore be perforlned in the same time with 
of the chords. By reversing the figure you will pep- 
* that the same rule applies to the chords which termi- 
in the opposite end of the diameter at B. This propo- 
1, which might have been proved in a very few words 
le aid of mathematical expres- 
, must be thoroughly under- 
[ by the pupil before he 
Qces one step further in his 
es. 

•7. If a body descend a num- 
>( different inclined planes in 
>ssion, as represented in Fig. 
ts velocity will be continually 
lerated; but it will not be 
►rmly accelerated; for, the 
nations of the planes being 
«s, the accelerating force 
ravity will also vary on each 
10* 
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of the planes. Moreover, the direction of motion being wir 
denly changed, there is a loss of momentum whenever thi 
body passes from one plane to another of less incUnatioOi 
which checks the previously acquired velocity; as when 
the body descends from the first to the second plane in die 
figure. 

258. If the acquired velocity be very great when the 
body arrives at the commencement of a plane of greater in- 
clination, it may be carried entirely off from the surface bj 
that portion of the motion which takes place in the horizoottl 
direction ; and it will then leap from the surface to the neit 
plane or to the ground in a parabolic curve. Suppose, for 
instance, that the velocity acquired by the body on reach- 
ing D would carry it to G, if continued uniformly, while 
the force of gravity alone would carry it to F. Complete 
the parallelogram of these forces and draw the resulting 
forc(* D £. It is evident that the joint action would carry 
the l)ody to E in the same time that it would require to fall 
from a state of rest through the distance D F. But on paw- 
ing D, the body is acted upon exactly like a projectile, and 
must pursue a parabolic curve D C £, like that represented in 
Fig. 1)1, page 104. Thus, rapid streams of water leap and 
bound down oblique precipices, instead of flowing evenly 
over the surface. 

259. It is evident, then, that the velocity gained by t 
body in descending a series of inclined planes of visible 
length and diminishing inclination is not equal to that which 
would be acquired by descending freely through the entire 
height of the series, as in the case of the single plane (255, /»); 
because every sudden change in the direction of the motion 
is attended with some loss of velocity (257). But when a 
body moves down a curve, this retarding cause does not 
exist ; for, a curve may be con- a f 
sidcred as composed of a series 
of inclined planes, A B, B C, 
C D, Fig. 100, which planes 
must be regarded as infiuiitely 

small; so that, here, there is 

never any sudden change of di- * d 

rection to check the velocity. ^*«- >oo. 

Still, the acceleration of the motion on a curve is not 
uniform, as on a single inclined plane ; because, if the 
body be moving down a concave surface, the direction 
of the curve becomes continually more opposed to the 
accelerating force of gravity, and if the surface be con- 
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I THE, ai A D, ^Fig. 101, reastance to thu 
: Ibvce continuallj diminishes* In either 

one, however; the body sgrrives at D with 

the velocity which it would acquire in 

ftlliBg freely from A to £, as if the curve 

were a simple inclined plane. 

260. If a body be urged up a curve or 
ui inclined plane With any given ve- 
locity, it will rise as far as it would fill in acquiring 
that yeh)city; for the effect of gravity in opposing the 
upward motion is precisely similar to that which it exer- 
cises in accelerating the downward motion. Now, let 
A, Fig. 102, be a me- o 

tallic rod suspending the 
heavy body B freely from 
the fixed point C. This - 
instrument represents the 
common pendulum. Let 
D £ be a graduated scale ^ 
of equal parts, curved into 
the arc of a circle of which 
the point C is the centre. 
If B be drawn towards D 
or E, through any number 
of degrees of the scale ; as, for instance, to F ; it will descend 
by gravity, with increasing speed, down the curve F B, and 
will thus acquire the velocity which would result from fall- 
ing freely through the perpendicular height of the curve. 
This velocity will carry it up the curve B H, to H, which 
is at the same perpendicular height as F. Here, it must 
re-commence its descent, and will therefore return to F. Thus 
it would continue vibrating for ever, if atmospheric resist- 
ance and friction were s^sent. This law is equally appli- 
cable to all hanging bodies that are free to move under the 
influence of gravity^ from the pendant* chandelier to a child 
amusing itself in the swing. 

261. Weight has no elQfect upon the velocity of bodies 
moving fredy on inclined planes or curves (255, d), but the 
weight of a pendulum does not fall freely ; for the rod of 
suspension A, Fig. 102, weighs something; and the various 
parts of the rod move around the centre of suspension C, in 
similar curves of different lengths; yet, by the stiffness of 
the rod, they are all compelled to reach the bottoms of their 
several curves at the same moment. And here we must ask 
your closest attention. 
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262. Let C B, Fig. 103, be a pendulum rod, wiCb ** 
principal weight attached at B, and the centre of suspen^^ 
at C. Let the weight B, with the rod, be drawn to one ti^^ 
until it reaches F, and then allowed to swing back by gravi^' 
It is evident that the atoms situated at A, D, and F, must U^ 
scribe the curves A H, D I, or F B, respectively ; and that t^^ 
stifiness of the rod will compel every atom throughout "t j^^ 
length of the rod to describe its appropriate curve in the «r ^** 
time. Now; suppose all the mat- 
ter in the rod from C to A to 
be concentrated around the point 
A ; aU the matter from A to D, 
around the point D ; and all the 
matter from D to the end of the 
rod, including the great weight 
Bj around the point F : and let 
each of these portions of matter 
be supposed to be separately 
connected with the point of 
suspension, C, by some inflexible 
bond having no weight, or being 
uninfluenced by gravity. 

263. Bodies moving in curves advance, at all times, in 
direction of tangents to the curves ; and a tangent to a circle 
always perpendicular to a radius terminating in the tangent 
Therefore L A, K D and M F, which are tangents to tl 
several curves A H, D I, F B, at the points A, D, and 1 
being all perpendicular to the radius C F, must be parall^^^ 
to each other ; and the direction of motion of the bodies / 
D, and F, must be perfectly similar at any given momei 
during their descent : — Therefore the accelerating force 
gravity acting upon each mvst he the same. To make tlTii 

still more clear, let A G, Fig. 103, be a line drawn pei^n*- 

dicular to the horizon, representing the whole accelerating^ 
power of gravity acting on a body free to fall ; and dravi>^ 
G L perpendicular to the tangent L A. Then, by the reso-^ — 
lution of forces, LA represents- the accelerating power o€^ 
gravity acting on the body A ; the remaining power of" 
gravity represented by L G having no tendency to cause A- 

to descend towards H, because it acts at a right angl^ 
with that motion. Upon F raise the perpendicular Fa, 
making it equal to A G, and let fall the perpendicular K M 
upon the tangent M F ; then M F will represent the accele- 
rating force of gravity acting upon the body F. Complete 
the parallelograms of forces M D and L C, and as these are 
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^ at^^^S^ haying their diagonals G A and K F of equal 

^ ^idnx ' ^^^ °^^^ ^ ^^ equal size in all respects : hence the 

^ ^1^ M F is equal to the side L A, and as these sides repre^ 

: ^J^tt e accelerating force of gravity acting upon A and F, 

^^•c forces must be equal to each other. The same thing 

rr ^^y he proved in the same manner of the body D, and or 

TJ^ atom in the pendulum rod. Therefore; enery atom 

^ Q vibrating pendulvm is urged onward by the same aecele^ 

^^ng force. 

264. But bodies under the influence of equal forces, if free 
*0 move, will describe equal spaces in equal times : There- 
fcre; in the time required for the body D to descend to I, the 
fcody A, if unchecked by the rod, would travel far beyond 
H, while the body F would not be able to reach B. To 
prove this experimentally, secure several small weights to a 
light string, at the distance of a foot or more from each 
other ; then suspend the cord upon a nail by one extremity, 
and put the whole series into a state of vibration. Each 
weight will then be seen endeavouring to vibrate in its own 
proper time ; those nearest the centre of suspension beating 
time most quickly ; and thus they will jerk each other into ap- 
parent confusion of motion, counteracting each other's efforts, 
and very soon bringing the whole to rest. But if you sus- 
pend all the weights together at one spot, the vibration will 
be regular and will continue for a long time. Now, the 
mere fact that the weights A, D, and F, Fig. 103, are bound 
together in the simple pendulum by an inflexible rod, does 
ncX prevent these weights from being acted upon by gravity 
to the same extent as if each were freely suspended to the 
end of its appropriate rod : — ^the weight A still struggles to 
drag the rod downward, urging D beyond its ability to folr- 
low, while F still holds back, by its inertia, and the whols 
being thus compelled to move in concert, the actual motion 
of the rod is the result of the joint action of all these con- 
tending forces.r 

265. There must be, therefore, some point, E, between A 
and F, where the disposition of some of the weights to hurry 
forward and that of the others to retard the motion will just 
balance each other ; and it is evident that if all the matter 
of all the weights were concentrated round this point, the 
pendulum would vibrate in the same time as when they are 
distributed. This point is called the centre of oscillation ; 
and as the pendulum always acts as if all its substance were 
concentrated in this spot, the distance between the centre 
of suspension and the centre of oscillation, C E, is always 
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considered and spoken of by philosophers as the irut length 
€f the pendvlum, -- 

266. When bodies act or re-act upon each other mechani- 
cally — and by mechanics we mean the science that treats of 
the effects of force and motion upon the condition of bodies — 
their weight is one of the elements entering into all calcula- 
tions of their momentum or force of action. Thus ; although 
the velocity of a body moving down an inclined . plane, or 
that of a pendulum with a single weight concentrated at 
the centre of oscillation, is in no degree influenced by the 
amount of the weight, this element is very important in 
calculating the effect of the pressure on the plane or the 
stress upon the rod ; bccavse theae bodies have a mutval ac- 
tion on each ofher, not wholly dependent on their velocity. 
As the three bodies A> D and F, Fig. 103, have all an action 
upon the rod, and also upon each other through the medium 
of the rod, their weight must be an element in calculating 
their effect. The two first are always striving to accelerate 
the motion of the rod, while the last endeavors to retard it, 
and these efforts exactly balance each other at" the centre of 
oscillation, E, round which point they tend to bend the rod, 
or make it revolve. Now, if any of tnese bodies be increased 
in weight, they will display proportionally more power in 
accelerating or retarding the motion of the rod. If A and 
D are increased, the accelerating forces will be greater and 
the pendulum will beat noore rapidly. When we have ex- 
plained the nature of the lever, you will comprehend that 
this change in the distribution of the weight must elevate 
the centre of oscillation, bringing the point £ nearer to the 
centre of suspension C : the increase of these accelerating 
forces or weights therefore diminishes the length of the pen- 
dulum. But if F be Increased, the retarding force becomes 
more powerful, the penduliun is lengthened, and its beat is 
rendered slower. 

267. The time occupied by any pendulum in performing 
a single vibration, om/Zntion, or beat, will be nearly the 
same whatever may be the length of the arc through which 
it moves. If the motion of bodies descending curves were 
uniformly accelerated, as is the case when they descend in- 
clined planes, the oscillations would be precisely equal, like 
the times of descent through the planes forming chords in a 
semicircle. Fig. 98 ; but as this motion is not uniform, there 
is a sensible difference between the times of a long and a 
short vibration. When the arcs described are small, the 
chords and the arcs agree so nearly in lei^th that the same 
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law of descent ^iplies to both, with «]$cient accuncy for 
an practical purposes ; and heoce the beating of a simple 
pendulum furtUHhea a sufficiently accurate measure of time 
to regulate the motions of any ordinary clock. But great 
accuracy requires the correction of ani^er source of error. 
Caloric, as you have been informed, expaodB all bodiea, and 
cold contracts them ; therefore every variation of tempera- 
ture either lengthens or shortens an ordinary pendulum ; «o 
that if no change be made in the distribution or position of 
the weight upon the rod, a. common clock will go faster ia 
winter than in summer. 

368. Much ingenuity has been exercised in contriving 
pendulums which may regulate themselves under changei 
of temperature, by means of inachinery, so as c 

to keep the centre of oscillation always at ^ 

exactly the -same height. These are called ^ I 
compensating pendulums, one of which, called 
ibe griilirpn [leadulum, is reprdsented in Fig. 
104. The principal suspen^on rod passes from , 
the centre of suspension C^ through a hori- 
zontal metallic plate B R, to ichich it it not 
tmtle<l,and terminates in another metallic plate 
A A ; and here the rod is firmly attached. 
This is the middle rod in the fizure. It is 
iQade of steel. Two rods or bara of brass, D, D, . 
extend from the plate A A to the jrfate B B, j 
to both of which they are permanently united. < 
Two other bars of steel, F,F, are secured to /Til 
the plate B B, and descending, pass throt^h wP* 
the plate A A without being attached to it. T 

These last rods are united by a cross piece G^G, piffiM. 
to which is attached the weight E. Here you 
perceive that if the central- rod suspended from C is elon- 
gated, the plate A A attached to its lower extremity must 
descend, and would drag after it the plate B B, which slides 
Ireely on the rod, were not this tendency counteracted by 
the expansion of the bars D, D, which tends to thrust the 
plate fi B upward, towards the centre of suspension. But 
^vhile this double action is going on, the steel bars F, F, are - 
also elongated by the heat ; and, as they slide freely through 
the plate A A, the cross piece G G with the weight attached 
to it would be allowed to descend through a distance equal 
to Uiat elongation, If the plate B B remained permanent at 
the iame distance from the ptnnt C. Thus,'Under an in- 
crease of temperature the three steel rods tend to Vcii^Wtv 
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the pendulum, while the two brass ban tend' to shorten it ; 
but when the temperature is diminished, the steel bars tend 
to elevate the weight, and consequently the centre of oscil* 
lation, while the brass bar tends to depress them. N0W5 
brass expands and contracts twice as much as steel under 
moderate changes of temperature ; hence, if the central rod 
be lengthened one inch by expansion, thus lowering A A to 
that extent, the brass bars. D D will be lengthened two 
inches ; so that they wiH not merely prevent B B from 'sub- 
siding, but will actually thrust it upwards one inch, nearer 
to C. This elevation is just sufficient to compensate thede-f 
pressing, tendency of. the two exterior steel rods F F, which 
would also be lengthened one inch. These expansions and 
contractions, by thus counterbalancing each other, keep the 
weight £ and the length of the pendulum at all times very 
nearly unchanged. Clocks provided with pendulums acting 
on this principle, are. astonishingly accurate and. free from 
the influence of the seasons. They are chiefly employed for 
astronomical purposes. 

269. The Metronome. — As the length of a pendulum 
beating seconds of time is inconvenient for many purposes, 
an instrument called the metronome has been contrived, 
which measures time with sufficient regularity, and may be 
made- to beat with any requitejl rapidity. This instrument 
is a kind of double pendulum, the rod being suspended at a 
point but shortly removed from 
its centre, C, Fig. 105. A con- 
siderable weight D, is placed 
below the centre of suspension. 
It is capable of sliding upon the 
rod, and is fixed by means of a 
thumb-screw. Another weight , 
E — usually smaller — slides \ 
along the rod above the centre \ 
of suspension^ and is secured by 
a similar screw. While the me- 
tronome is vibrating, whenever 
D is descending, £ must be 
rising, and the reversel The 
gravity of £ therefore con- 
stantly opposes the gravity of ***'• ^^' 
D, and the pendulum vibrates by the difference of these 
forces only. If this difference be rendered less and less con- 
tinually, by moving the weight D towards the centre of sus- 
pension or the weight E away from that centre, the accel- 
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erating force must be diBunished proportionallj until, when 
the two bodies balance each other, the rod will not vibrate at 
all. By means of this little instrument we may imitale the 
beat of simple pendulums of all possible lengths. It is chiefly 
employed by singers and speakers in measuring the time of 
music and the quantity of syllables ; being usually kept in 
motion by clock work connected with what is called an 
escapement ; the small cog-wheel G and the anchor F repre- 
senting the manner of the connexion, which is similar to 
the escapement of a common clock. 

270.- The Gycloidal Pendulum. — ^A pendulum may be 
made- to beat in exactly equal times, whatever the angle of 
oscillation may be ; though it cannot do so in circular arcs. 
There is a curve called the cycloid^ in which the motion is 
thus regulated; but the apparatus required to make a body 
vibrate in such a curve prevents it from being generally 
useful. A cycloid is generated by any point that may be 
chosen in the circumference of a circle, when the circum- 
ference is made to roll along a straight line until it performs 
a complete revolution. Let W, Fig.. 106, represent a wheel 
revolving along the line AH; and let A, the lowest point 
of this wheel, be chosen 
as the generating point. 
While the wheel . makes 
an entire revolution, the 
point A must mount to C 
and re-descend to H, thus 
describing the curve A C H. 
This curve is a cycloid. 

271. It is necessary here to mention a few of the proper- 
ties of the cycloid. The base of this curve is equal to the 
whole circumference of the generating circle ; because the 
circumference is accurately measured along the line at each 
complete revolution of the cfrcle. Every arc in half a cy- 
cloid has twice the length of the corresponding chord of the 
generating circle : thus, the arc F C has twice the length of 
the chord EC; F E being parallel to the base A H. There- 
fore; the half cycloid A C has twice the length of the 
diameter B C, and the whole cycloid measures four times the 
diameter or eight times the radius of the generating circle. 
If any line (E F) be drawn parallel to the base of the 
cycloid, the tangent to the cycloid (F D) at the point of 
intersection (F), will be parallel to the corresponding chord 
of the generating circle (E C). 

272. Invert Fig. 106, and you perceive that the accelerating 

11 
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force of gravity acting on a body descendinff idong a cycloidal 
curve is at all times equal to that which the same agent 
exerts upon a body descending correspDnding parallel chords 
in a semicircle, because the tangent F D is always parallel 
to the chord E C. But, the cycloidal arc being sdways just 
twice as long as the corresponding chord, it will be trarersed 
by the descending body in exactly twice the time. Now 
the descent along all chords in a given semicircle is per- 
formed in equal times (256) ; therefore, the descent along all 
arcs of a given cycloid will be performed in equal times. 
Hence, a pendulum vibrating in a cycloid must vibrate in 
equal times, whatever may be the extent of its vibraticMis. 

273. Let C A and C B, Fig. 107, represent the sur&ces 
of two equal semi-cycloidal bodies united at their, extremi- 
ties at the poilit C, the point o 

of su^ension of a pendulum 
C p, of which the suspending 
rod is a flexible spring or cord. 
When the weight D is made 
to vibrate from A to B^ the 
spring or cord is wound alter- 
nately around the curved sur- 
faces C A, C B, and the weight 
describes the entire cycloidal 
circumference A D B, forming 
a pendulum of the character described in the last paragraph. 

274. One of the most interesting questions in the history 
of pendulums is the relation between their lengths and the 
times of their vibrations. It is easy to prove, frcMn data 
already given, that ike beats of different pendvlvms vary as 
the square roots of their lengths ; but the proof would re- 
quire more space than we can here appropriate, and we 
must therefore ask you to receive the fact on trust, for 
the present. (255, e) 

375. The length of a pendulum vibrating seconds at 
London has been found by experiment to be accurately 
39.13929 inches; hence, by the law just laid down in the 
last paragraph, the length required for a beat of half seconds 
would be i that length, or 9.785 inches nearly ; while that 
required for a beat of three seconds would be. 9 times the 
former length, or more than 9| yards. 

276. The rapidity of the beat of a pendulum varies also 
with the intensity of gravity at the spot where the instru- 
ment is placed ; and the earth being an oblate spheroid, a 
pendulum that would beat seconds at Philadelphia, would 
vjhrate in less than a second in Nova Scotia, and would 
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more tlian a second to complete an oociUation in 
« A clock keeping correct time at the foot of a moun- 
mile in height, will go perceptibly slower if carried to 
\ summit^ because it will there be one mile more distant 
5^ the centre of the earth. The time of vibration varies 
^ ^ as the distance from the centre ; hence, the number 
^"^brationsin a given time must be inversely as the distance ; 
if we suppose the radius of the earth at the base of the 
to be 4000 miles, the distance from the centre at 
lammit is 4001 miles. Therefore, for every 4001 beats 
the base, there would be but 4000 at the summit. There 
8^,400 seconds in 24 hours, and at this rate, the clock 
^ the summit would lose 21.6 seconds every day. You can 
^ once perceive to what an astonishing degree of accuracy 
^e might arrive in determining heights and also in ascer- 
taining the figure of the earth, or even the local attraction 
of mountains, hy means of the pendulum, if we could rid it 
of all errors from the resistMice of the air, the changes of 
temperature, and other causes. Most of these causes have 
been carefully studied, and rules have been laid down, or 
mechanical contrivances adopted for their correction. Evenr 
vibration adds to the amount of any existing error, until it 
attracts attention and becomes a subject of calculation ; and 
as our experiments may be continued for months or years, 
the unerring motions of the heavenly bodies — those eternal, 
never sleeping registers of time — are always ready to cor- 
rect our mistakes : thus it is not astonishing that the mo- 
tions of the pendulilhi have shed and continue to shed a 
flood of light upon many questions in philosophy which, in 
former years, would have been held, even hy the learned, as 
far beyond the grs^p of human reason. 

OF THE IMPACT OF BODIE& 

277. When bodies act upon. each other by striking to- 
gether, they are said to impinge upon each other, and the 
act of striking is frequently called the impact ; in which sense 
this word is synonymous with collision. According to Web- 
ster impact really m6ans the impression made by a blow, and 
not the act of striking — we shall therefore employ the word 
coUison in preference to impact when speaking of the mere 
act itself. 

278. You have been informed that when bodies in a state 
of relative motion affect each other mechanically, the impact 
is always proportional to the momenta of the bodies (195). 
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Now, while the weight or mass of a moving bodj remaini 
constant, the momentum varies as the velocity (174), and 
while velocity remains constant th6 momentum varies as the 
weight (194). Let us illustrate these facts. 

279. If a cannon-ball weighing 12 pounds, moving with 
a velocity of 120 miles per hour, impinge upon the wbII of 
a fort, and if another ball of 32 pounds, moving with a ve- 
locity of 45 miles per hour, strike the same wall with equal 
directness, the impact will be the same in each case ; for, the 
weight 12 multiplied by the velocity 120, equals 1440, and 
the weight 32 multipled by the velocity 45 also equals 1440 ; 
hence the momenta of the two balls are the same in amount 
Again : You may be unable to break a hard stone with a light 
hammer, because you cannot give it siifl&cient velocity to 
render its momentum superior in force to the cohesion of 
the stone; but with a heavy sledge, to which all your 
strength can give but moderate velocity, you readily effect 
the object, because the quantity of matter in the sledge 
acquires great momentum even with little velocity. Tne 
impact of moving bodies is not proportional to their actual, but 
to their relative velocities ', hepce 4he equality of action and 
reaction in all cases relating to the impact of bodies (174, 176). 
Therefore, as a body striking another is resisted to an ex- 
tent equal to the force of the blow, it is obvious that one body 
cannot check in another or communicate to another, any 
more relative motion than it loses itself. 

280. Impact of inelastic bodies.* — ^Hence; when two 
inelastic bodies meet in collision, if the direction of their 
motion be opposite and their momenta cqual^ each will ex- 
pend all its momentum in checking the other, and both will 
come to rest. 

281. But if the opposite monienta be not equal, that body 
which has the less amount of moving force expends all that 
it possesses in checking an equal amount of the momentum 
of its antagonist, and the latter then employs the remainder 
of its power in giving -velocity to the former, until the two 
bodies move forward with equal velocities, and thus lose 
their ability to act mechanically upon each other. 

282. When bodies of different weight but equal velocities 
meet together, their momenta being proportional to their 
weights, the more powerful body must share its surplus mo- 
mentum with the less powerful body in like proportion, and 

* 

* In the impact of clastic bodies other forces are called into play 
and modify the resolt, as will be presently explained. 
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||^^ "Ufkoie mamenitim of the two bodies after trnpod m equai 

5fe 555 ^iff^*"^^^^ tf ^^^^ momenta before impact, 

"^^J^BS. "If two inelastic bodies moving in the same direction 

/J^^^^ difierent velocities come into collision — ^the more rapid 

^S^^y overtaking that which is less rapid — the former will im- 

^**t to the latter a portion of its momentum, and will continue 

*^S^ A) 8Q, being checked in its own velocity while it accelerates 

s j^*fc of its antagonist, until both move forward with equal 

-.^^^locities and the momentum of the two bodies becomes dis- 

^^buted between them, as in the previous case, in the just 

Woportion of their several weights : But here the whole mo' 

^fUtim of the two bodies after impact^ is equal to the sum 

^ their momenta before impact, 

284* If inelastic bodies moving obliquely towards each other 
Come into collision, the same laws are equally applicable to 
their impact and its results 5 but in this case, the only portion 
of their motion interested in the collision, is that which 
tends to bring them directly together so as to act perpendic- 
ularly upon each other (219). 

285. To illustrate these facts^ let us take a few simple ex- 
amples : Suppose that a rail-road car, which we will designate 
by the letter A, weighs 10 tons and has a velocity of 8 miles 
per hour, and that it meets another, which we will term B, 
weighing 15. tons, and moving in the opposite direction with 
a velocity of 4 miles per hour. The momentum of A will 
then be represented by 10 X 8=80, and that of B by 15x4 
= 60. Here the momentum of A will entirely overcome 
that of B ; but in doing so it must lose as much momentum 
as it has thus checked (279) ] that is, its momentum is re- 
duced to 80—60=20. A then struggles to go forward bjr 
means of this remaining momentum, but in this effort it is 
constantly and equally opposed by the resistance of B, and, 
for every impulse by which it drives B backward in conse- 
quence of its superior momentum, it must lose an equal amount 
of its own impulsive force, until the surplus momentum is 
divided between the two cars in just proportion to their re- 
spective weights. Then, indeed, the surplus momentum be- 
comes available in carrying forward both bodies together in 
the direction of motion of the more powerful body A. But 
this, surplus momentum which previously gave velocity to 
only 10 tons — ^the weight of A — has now to give velocity to 
25 tons, — that being the weight of the two cars : After the 
collision, then, we shall have 25 tons moving with a momen- 
tum of 20. "But as the momentum of any moving body is re- 
presented by the velocity multiplied by the weight, the ve- 
11* 
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Uxrity will l/.- r»fpr**5ented by ih-? xron^entum ^vided Ifll' 
\\*i'/\ii : lh» r» fore ihr vr-l^cily of the iwo caR iuft meilMiA 
wh-.i riiovir.i t«>^-th' r aft'-r the coiiisioa, will be {t=|«I^E M 
on*' iLil»' p'-r }i\;iir. 

•J"*'I. L't Us s'ipj»ose A to overtake aad imjHDg? upoii 
wh-ii irav^-llin^ inor- rapidly in the same direcdoijfc 
bfvi-ral v.l<x:itii*s and Wriirhls of the cars rein»iiiB|fc 
baifiH. A will lh»'n impinge upon B with a relative tWi 
of 1- iiiiU's p r hour, and its relative momentum will be Bf Ikad ^ 
n >• J:l<'fl i>y 10 y i = 40. Afttr collision this force iidiW m.'. '^\ 
throutrh 25 tons of nialt*-r, and its effect upon the motofiR* U?-^ oi 
th«- two brjdit-s after colli&ion will be represented \ry S- bAu^r 
Tli« vi-lucity of th«» two bodies when moving umfaBil w^'^'** 
ity^' tli»r after the collision will therefore be more rapAti* W;'^*' 
(h«' pn-vious motion of B by Jf or 1 mile and -J of aBfc'* V^^ ^ 
that is: tin- joint velocity of the cars will be 5^ miles ?* r>'*' 
hour : and this velocity, multiplied bv the weight of thetw V'^ 
cars in tons, 25, will be found exactly equal totheBumd 
thf riiornenta of the two cars before contact, 

2S7. From these examphs we may deduce the follo<riri5 
rubs for calculating the velocities of inelastic bodies after 
collision, when the v(>Iocities before collision are known and 
Ixjlh liO(Ii«'s an* free to move. 

(r/) irth«' Ixxlii's hi' moving in opposite directions, divide the 
difrcniice of their momenta by the sum of their weights 
or quantities of matter, and the quotient \i-ill be the joint 
velocity after impact, which will be in the direction (rfthe 
greater momentum. 
{h) W the bodies hr. iK)th moving in the same direction, or if 
one of thom be* at rest, divide the whole momentum of 
both bodies conjointly, by the weight of both bodies con- 
jointly, and the quotient will be the joint velocity after 
impact, in the same direction with the previous motion. 
2SS. Suppose an inelastic ball of two pounds weight to 
conie in cciutact with another such ball weighing one pound, 
and let the direction and ve- 
locities of the two balls at 
tlie moment of contact be re- 
prewnted by the linos B A 
and ('A, Fig. 108, respec- 
tively. Also; let KG repre- 
hent the tangent to the two 
wuifacey at the jwint of con- 
hict, tiiKJ LM a line perpen- g 
die iilur to the tangent at that 
I">int : (hon only those por- 
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^pos of the momenta of the two bodies which act m the 
dvection of the line L M are interested in the impact (284). 
ftaw B M and C D perpendicular to L M and complete the 
parallelogram B A I M. Then M A will represent that 
portion of the velocity of the. two pound ball that acts in the 
direction M L, and D A will represent the portion of the 
velocity of the one pound ball which acts in the opposite 
direction L M« The remaining velocities in the directions 
BM and CD, being parallel to the tangent at the point of 
cmitact, will continue unchanged after collision and may be 
left out of our calculation for the present. For the sake of 
the illustration we will suppose that the two pound ball is 
approaching the tangent G E with a velocity of 20 miles 
per hour, while the one pound ball approaches it at the rate 
of 15 miles per hour — MA will then represent twenty 
miles and D A fifteen miles. Multiply these quantities by the 
weights of the respective balls and we find the momentum 
of the former to be 40 and that of the latter 1 5. Now, (287, a) 
by dividing the difference of these opposing momenta =25 
by the sum of the quantity of matter in the two balls as 
measured by their weight =3, we obtain the joint velocity 
of both bodies after collision in the direction of the more 
powerful momentum, A L, to be 8^ miles per hour.* Take 
8 J from the i^ame scale of equal parts by which the figure 
has been con^ructed, and lay it off from A to K. A K will 
then represent what would be the direction and velocity of 
the two bodies after- collision, were there no other force 
acting upon them at the same time. But the two popnd ball 
has not lost that portion of its velocity represented by B M 
or A I; and it must therefore move after the contact under 
the influence of both the velocities A K, which results from 
the collision, and A I which remains unaltered from its 
former condition. Complete, under these velocities,. the par- 
allelogram A I K H, and the resultant diagonal A H will 
represent the true velocity and direction of the ball of two 
pounds. In like manner, the ball of one pound retains the 
velocity C D even after acquiring the velocity A K by the 
effect of collision. From the poiiut of contact and along the 
tangent A E, lay off A N, equal to C D. The ball of one 
pound will move afler colUsion with both the velocities 
A K and A N : compound them by completing a parallelo- 
gram upon them, and the resultant diagonal A O will repre- 
sent the true extent and direction of the velocity of this ball 
afler collision. 

289. When one hard elastic body impinges upon another 
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of dw mse dnractn- whidi cannot be aarei p 
litxn its pothion by the bl«tr, mdi m a wtU « (-4 
the rffbd tnaT be rndil; ntitoated liinplf t? Uk n 
erf Ibf c««. 

2!^(l. Modtfratiam of impact hy At fteaUar fi 
o^ hadi€$. — Many moJific«ti«o« c^ Ifae appondt ^ 
oollimoo are product by tb« ipecial or pMuliv f 
of bodiPL A pialoRallfiredat apuwof 0Miia ' 
« kioe cord, penetrates it witbool conHnamcalil 
mArruAe Telocity to the remainder <iflbe pane, Miotti ^^ 
inenta that are not tn the direct range of the ball ; beoMlBVH 
ii not allowed for the cominimicalioa of mrfjoi! t^Agli 
but if it be shot into a loaf of bread suspended in n> ll 
brmaiuier, it does not pass entirely through Ihekal^i ai^ l' 
sr^uently its momeatum becomes equally difRued dffp I 
the whole mass. 

291. When a aofi body iminnges upon any hi__ 
the molecules fint checked ia tbeir motion etill act till I* 1 




upon tbo«e in their rear, which struggle to get ferward ; ani— 
(he whole mass moving like a collection of pebbles — the pu* 
tides are Bcatlered in all directions by collisions among Ihent- 
' »elves; yet each particle obeys the lawsof impact as Blitodjr 
explaini-id in this paragraph, whatever new forces nwyW 
brought to bear upon it in the general contest : Thus ; TOm 
B wpt «now-ball in thrown obliquely against a wall, the &^ 
tnents, in*ti'ad of sliding uniformly along the surface in the 
roulp of the iindcfitroyed portion of the original motion, are 
fbunil adhering in every direction around the point of «»- 
^1. Aul, Ihough the particles in this caae are equally 
, P*^**™! outwiirdii from a common centre by the reaction a 
Liwo yniXj thOK lying on the Bide towards which tile original 
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'^'oKqii tends are thrown to a considerable distance by the 
destroyed portion of their momentum, while those next 
fte side from which the original motion tends, having their 
previous momentum almost overcome by the reaction of other 
jiarficles in their rear, move but a short distance and with a 
feeble velocity, and if this scattering force be sufficiently 
great, their velocity may be in the retrograde direction. The 
mai^ made on the wall by the snovir-ball therefore takes some- 
what the form represented in Fig. 109. When a soft body 
impinges upon anything smaller than itself, the force exerted 
cannot exceed the momentum of that part of the mass which 
actually strikes the object, added to the force necessary to 
overcome the cohesion between that portion and the remain- 
der of the soft impinging body. Thus ; the masses of snow 
that &11 during a thaw from the roofs of houses may be dan- 
gerous to life or limb ; but, were they to impinge upon the 
human frame with the momentum of the entire masses — like 
hard or strongly cohesive bodies — they would scarcely leave 
a trace of the humanity of their victims. 

292. Many seemingly wonderful feats of strength cease to 
astonish when we are aware that the momentum of imping- 
ing bodies becomes equally distributed through the whole mass 
of matter, so. as to diminish the velocity in proportion to the 
weight. Let A, Fig. ^ 

110, represent a lad 
weighing 120 pounds, 
and B smother lad 
weighing 100 pounds. 
If these lads clasp hands 
and properly apply their 
strength, -A can drag 
B from place to place 

at will ; for, by his musr 

cular efibrts and the aid ^^ b Pig. no. 

of gravity when lean- 
ing in any direction, he can exert more momentum with a 
jerk than his antagonist, can suddenly check by a similar 
exertion. But, for the same reason, if B permit a third lad 
C, to mount his shoulders, though seemingly charged with an 
additional labour, he can easily compel A to follow him in 
all his wanderings. 

293. A strong man resting on two chairs, in the attitude 
represented in Fig. Ill, can readily support an anvil 
weighing 60 pounds, when placed upon the middle of 
the bodyj and a bar of heated iron may be forged upon 
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Fig. 111. 



this anvil without calling for much greater exerticm on to 
part of the performer : For ; 
if the hammer weigh four ' 
pounds, and if it be moved 
with a velocity of 16 feet per 
second in striking the blows, 
its momentum will be 64 j but 
after collision, this momen- 
tum will be equally distri- 
buted through the 64 pounds 
of matter contained in the 
hammer and anvil, and the 
velocity after collision will therefore be but one foot per 
second : which motion is so slow as to be readily overcome 
by the resistance of the body, yielding to the force for a time, 
so as to destroy the momentum very gradually. 

.294. When inelastic malleable bodies impinge upon each 
other, or, upon a hard surface, they are usually flattened by 
the blow, and sometimes exhibit very curious proofs of the 
reaction of their particles. Fig. 112 re- 
presents, in profile and front view, the 
appearance of a musket-ball picked up on 
the field of Waterloo, after it had struck 
and fallen from a garden wall. The part 
which impinged directly upon the stone, 
was slightly flattened, but preserved al- 
most perfectly its spherical form, by the 
power of the arch : the opposite portion — ^that farthest re- 
moved from the point of contact-^presented the same figure 
still inore remarkably ; but the whole middle portion, checked 
by the arrest of the particles next the wall, and still pressed 
upon by those in the rear, was squeezed put into the broad 
fan-shaped expansion seen in the figure. 

295. Impact of elastic bodies.— -Of course, the ball just 
mentioned had expended all its momentum upon the wall, 
before it fell to the ground ; but let us suppose that the flat- 
tened and displaced particles had possessed the power of in- 
stantaneously resuming their places by their mutual attrac- 
tion, so as to restore the proper figure of the bullet after the 
compression. It is obvious that in so doing they would force 
themselves to a greater distance from the wall, and would 
react upon the surface with a force proportional to the 
quickness of this motion. Thus they would acquire a new 
and opposite momentum which would cause the ball to re- 
bound to a considerable distance. To prove this fiict expert- 







fig. lis. 
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^llj, procure a hoop of hickory or metal, and after 

~ ng it into an oval form against the ground, set it sud- 

at liberty. It will instantly spring into the air by re- 

upon the surface against which it is pressed. Now ; 

a peculiar result of the property of elasticity , which 

■xnaterially influences the effects of the collision of elas- 

^sedies. 

^96. Glass, ivory and marble furnish fine examples of elas- 

"^ty. When pressed out of shape they recover their form 

^^ ~ ^prickly that the change is often imperceptible to the eye. 

^^^ you gently lay a billiard-ball or a playing marble upon a 

■^J^^ hard table coloured with red chalk, a mere dot will mark 

^5^^ place of contact ; but if it be allowed to fall from a height, 

^^ immediately rebounds, and the dot is found to be expanded 

,^^to a considerable circle, proving that the ball has been 

^Momentarily flattened by the blow, but has as instantly reco- 

^^red its former shape by its elasticity. . 

297. Now ; in this case, the ball is brought to rest at the 
^ment that the flattening is greatest : all its momentum in 
the direction of the table is then lost ] and when it again 
lises into the air, its momentum in the upward direction is 
Hot the immediate effect of the collision, but is caused by the 
force with which the body recovers its figure and the resist- 
ance of the table to the motion of the particles in the act of 
resuming their position. Here it is obvious that the ball 
could not leap from the table without striking it a blow after 
the downward momentum is lost, and this blow must be suffi- 
ciently hard to account for the height to which the body 
springs. If the resistance of the air be removed by the aii^ 
pump, it is found that ivory will bounce almost to the height 
from which it falls, and it would mount quite to that height 
were it absolutely perfect in its elasticity. This clearly 
proves that the blow struck by the ball in rebounding is as 
hard as that which it strikes in falling. But both these 
blows take effect at the moment of impact : Therefore, in 
the collisions of elastic bodies, the impact is just twice as 
great as it is in the collisions of inelastic bodies. Let us 
examine the consequences of this law. 

298. If an inelastic body impinge upon another inelastic 
body of equal weight and in a state of rest, the two bodies 
will proceed together after impact with half the previous 
velocity of the moving body (281). But if the bodies be 
both elastic, the action of the one and the reaction of the 
other are both doubled by the elasticity : the moving body 
will therefore communicate just twice as much momentum 
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to the body at rest, and will itself lose just. twice nmad^ 
motion as in the case of the ii^elastic bodies. But, in tb6 
former case, the one body loses and. the' other .gains qo0 
half the momentum of the moving body ; consequently, iu 
the latter instance, the moving body will lose all its moineii|^ 
turn and will come to rest, while the body at rest will acquire 
all the momentum, and will proceed after impact with ths 
previous velocity of the impinging body. 

299. A neat apparatus for experiments on elasticity is 
represented in Figs. 113 and 114. It is composed of a num- 
ber of ivory balls, A, B, C^ D, E, F, G, Fig. 
114, suspended upon silk cords from a row 
of pins, I, on a perpendicular board. When 
at >rest, these balls are in contact throughout 
the series. Let all the balls, but two, A and B, 
Fig. 113, be removed from this apparatus. 
Then raise the ball A to a, and allow it to fall 
upon B. By the law laid down in the last 
paragraph, A will communicate all its mo- 
mentum to B, and the former will come to . 
rest while the latter flies .onward to ft. This ball, returning 
again, impinges upon A with scarcely diminished for^e, and 
A is thus again nearly driven to a : thus the two balls con- 
tinue to vibrate for some time, like a pendulum, each con- 
fining its motion to its own half of the arc. 

300. When an elastic body strikes upon a hard; immove- 
able substance which will not yield to compression, the 
rebound is as great as when it impinges upon another elastic 
body; and this fact is thus explained: — When an elastic 
body strikes a hard, inelastic, immoveable substance, its 
whole force is rendered effective in compressing itself, and 
it recovers its shape with its whole force : but when it is 
impelled against another elastic substance, part of its force is 
expended in compressing this substance, and only the re- 
maining portion is available in changing its own ibrm; 
therefore, when such bodies are driven asunder by their elas- 
ticity after the impact, each furnishes its share of the sepa- 
rating force ; but the total is no greater than the single force 
in the former case. 

301. If a soft, inelastic substance, such as putty or clay, 
be substituted for the ball B, in the last experiment, the mo- 
mentum acquired by A in falling is overcome slowly, and the 
ivory not being much compressed, the effect of elasticity is 
lost, and the two bodies move together after impact nearly 
as if both were inelastic. 
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803; -K the two balls A and B, Mg. 1 1 3 be drawn aannder to 
* ud^ and there set free at the same moment, they will meet 
' n the middle of their course, and each will transfer its whole 
' Jntnentuni, or, — as the weights are equal — ita velocity to 
■ te other ; therefore each boll will rebound to the height 
' from which it fell. If the balls be allowed to fall from dif- 
fcrenl heights, they will acquire difierent velocities, but will 
<ill meet very nearly in the lowest point of their arcs, by 
3 law of the circular penduhim (267). Let us suppose 
that A reaches this pcnnt with a velocity equal to 2, and B 
with a velocity equ^ to 3. Affer impact these velocities 
will be interchanged, and A will rebound with the velocity 
3, and B with the velocity 2 : Thus, they will continue vi- 
brating through longer and shorter area, alternately and inter- 
changeably. This may perhaps be rendered clearer by an 
explanation : — The sum of the momenta of these balls, which, 
in this case, is 5, is equal to the entire force with which 
they come together; and this is doubled by the force of 
elasticity (297): The whole effect of the blow is therefore 
represented by 10. But as action and reaction are always 
equal, this force is evenly' distributed between the two balk, 
woich, being equal in weight, one half, or 5 parts, of the 
force is effective upon eaai ball. Now; of the 5 parts 
appropriated to A, 2 parts are destroyed in overcoming 
its previous- velocity, and the remaining 3 parts determine 
the rapidity of its rebound, while, of the 5 parts appro- 
priated to B, 3 are destroyed in overcoming the previous 
velocity, and only two parts remain to determine the rapid- 
ity of the rebound. Thus the bodies must interchange 
velocities at every vibration. 

303. If, in the entire series, represented in Fig. 114, the 
ball A be raised to H and then allowed to fall uptm B, the 
latter will receive all the momeni i 

turn of the former, and will endea- 
vour to move off with equal velo- 
city, while A- will be brought to 
rest by the reaction of B ; but the 
moment that B attempts to move, 
it impinges upon C, to which itBj, 
communicates the same momen- 
tum, and is also brought to rest by m. 114. 
the reaction of C. In fact B re- 
ceives two equal blows inopposile directions at the same 
moment; one from the direct action of A, and the other 
from the reaction of C. The momentum being thus trans- 
12 
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mitted to C, the lattn conununicatea it in the n 
to D, and thus it jman onward to E and F, wLlbout i 
ducino; any risiblf motion, if the elasticity be perfect. 1 
wht-n thu iiiomontum is communicated lo the ]^biUcfS 
serii-s, (i, ihiTe remains nothing to oppose its iDotitiii,rf 
therffore riws to K with the same velocity and fctM " 
which A at first impinges upon B. Thus, the two aW 
of the series alternately act and react upon eachotheillirK^ i*^ . 
the medium of the intervening matter, as if they raioe fr \^^ 
rectly into contact in the manner described in the lwop> I ' 
ceding paragraphs. I 

:Wi, In the series represented in Fig. 114, if the twoWh I 
A and 1) lie wised and allowed to fall together, lh( tffoWl |L ' 
F and G will fly off together from the other end of th I'*' 
Bcrieii '. because the momentum of both balls being commuiu' I 
cated, through C, D and E, to F and G, one half Uis manetr I 
turn is Bufficicnl to communicate a full share of velodtT*! 1 
G, and the remaining portion is employed in giving an equ'l \ 
velocity to F. For similar reasons, if more balk be iMfJ, 1 
an equal numlwr will fly off in consequence of the coUiaon- \ 
Thus ; ii' A, B, C, D, E, and F be raiaed together and suW 1 
to impinge upon the single remaining ball G, an ^qual wa^ I 
ber,— that is; all but the first ball, A, — will By off in the 
direction of K ; and when these balls return, the effett ii 
reversed ; G remaining at rest while all the others are pro- 
jected in the direction of H; thus six balls are alwayi 
vibrating, while the extremes of the series are alternattlj 
left in B state of repose. 

305. If a sphere, composed of any soft,- inelastic sub- i 
stance, be sobstiluted for either of the elastic balls in the 
series. Fig. 114, we shaH find, on repeating our experiments, 
that the peculiar effects of elasticity will be in great degree 
destroyed, because the momentum of the impinging lxnif$ 
will be overcome slowly by the resistance of the inelastic 
mattpr (178) : and, consequently, the motions of the several 
balls, alter impact, will resemble pretty nearly those observed 
after the impact of inelastic bodies, 

306, As the impact of bodies is doubled by the property of 
eliuiticity, it requires considerably less momentum to overcome 
ih<'. cohesion of hard bodies when endowed with this prop- 
erly; they therefore yield with comparative readiness to 
blows of moderate strength. This feet assists in explaining 
Jl"' coimexion often observed between elasticity and franffi- 
'"^{lol, 152). ^ 

■W7. Solid Ixine is nearly as elastic as ivory ; and if the 
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j^**-es of the buman body were equally solid throughout and 
.^ *X>tilact with each otiier, every jar received upon the feet 

'^\ili| till iransmitted to the head with undiiiiiiiisaed energy ; 
iiiilott misstep would disorder the brain like llie blow 
ji'au ; and inlaiis or leaps from considerable heights, 
, .-.ilII were not crushed by the inomentiiin transmitted 

^.' ' -... I... iiiher bones, the elastic force would almost cause it 
_r^ llj olT from the shoulders, like the last ball of the series in 
- ^eof the foregoing experiments (303). But the most e!a»- 
l*'^ portions of the human skeleloa are separated at the joints 
^Jf the interposition of soft and imperfectly elastic cushions rf 
^^rtilage, which render Ihe transmission of forces from one pait'^ 
^ another slow and gradual. Nor is this our only protectio^J 
*'ig. llSrepresentsaaectionof one of the principal long booM r 




M at man. The white and outside part of the middle portioUji. J 
b, b, is solid and highly elastic, but this solid portion b^J 
coinpfi a oiCK shell or fiim as it approaches the eTctremitie^' 
and the central portions of the shaft, Ic^ether with neai^ 
the whole of the extremities which form the joints, are occit- ' 
pied by a spongy net-work of flexible bony plates or fibres 
embedded in soft marrow and possessing very little elasticity. 
The spinal column, or, as it is commonly styled, the back 
bone, is composed of no less than twenty-four pieces, each 
formed of a loose spongy substance filled with marrow, and 
separated by cartilage ; hence the force of blows on the feet 
is communicated to the head with considerable difficulty : 
But, for a more enlarged view of this interesting subject in 
animal mechanics, we must refer you to the " Physiology for 
Schools." 

308. Refieclion of elastic bodie*.— There is one circum- 
stance attending the collision of elastic bodies which deserves 
especial notice, because it explains one of the most important 
laws of nature, to which frequent reference will be made 
hereafter. When an elaiiic body impinges upon an im- 
. moveable and incompreasil/le body, Ike angle of refieclion 

El always equal to the angle of incidence. Let E F, Figf I 
16, represent the surface of a smooth, level, hard or elasti;^ 1 
td immoveable body ; and let A B represent lhB_dire^'-" ' 
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of an elastic body approaching the plane, to impnge upon 
it at B. Draw the line B D perpendicular to the plane. 
Then the body will rebound, after the collision, in the 
direction B C, making the an- ^ j, \ 

gle of reflection, D B C, equal v • -j y 

to the angle of incidence, A B D. \ i / 

Join A D and D C by a line \ ! / 

drawn parallel to- E F, and let \ I / 

the entire velocity of the moving '\ [ / 

body be represented by the line \t/ 

A B: Then, by the resolution is -^f- f 

of forces, the line D B repre- Fig. iie. 

sents the velocity with which 

the body approaches towards the plane, while the db- 
tance AD or D C represents the velocity of its motion 
in a direction parallel to the plane.: Not only is the former 
velocity D B destroyed by the collisicfn, but a itew, op- 
posite, and equal velocity is generated by the elastic force 
which if i^lowed to act alone, would carry the body back in 
the direction B D, to the same distance through which it 
approaches the plane, and in ihe same time (297) : But, as 
this action in the perpendicular direction does not interfere 
with the motion parallel to the plane, represented by D G, 
the body, after impact, will describe the linfe B C under 
these combined forces, in the same time that would be re- 
quired to carry it to D by the force of elasticity alone.' 

309. It is unnecessary to enlarge upon the effects of impact 
in changing the velocities and direction of motion in elastic 
bodies, as sdl these results are readily explained by the rules 
already laid down. Thus j when two elastic bodies come in 
contact obliquely — ^those portions of the momenta which 
tiake effect in the perpendicular direction being alone inter- 
ested in the collision, while the remaining portions con- 
tinue imchecked in quantity and unchanged in direction-^ 
if one of the bodies be at rest, the other transfers to it all 
that portion of its momentum which acts perpendicularly, 
and comes to rest in that direction, like the ball A in the 
experiment described in paragraph 299, while it continues 
to fnove in the direction of a tangent at the pmnt of omtact, 
as if no collision had taken place. If both the bodies be in 
motion obliquely towards each other, they interchange the 
momenta with which they come directly in collision, as in 
the experiment narrated in paragraph (302), without altering 
in the slightest degree the remaining portions of their mo- 
menta. These facts, with the rules laid down for the reso- 
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of. Gompoand forces, will enable you to calculate the 
of -the simple impact of elastic bodies in all cases, and 
<^^^ action of the little balls in the childish game of marbles 
^^ll give an abundance of practical illustrations. 

OF EaUILlBRIUM AND THE.CENTKE OF GRAVITY. 

310. If a body be suspended freely at the extremity of a 

^^^, it will be drawn towards the earth in the direction of 

^^vity,.and will hang like a pendulum at rest. The posi- 

*ion of the body while thus at rest will be regulated by its 

^rm and by the manner in which it is suspended : thus ; let 

ABD, Fig. 117, represent a parallelopipedon suspended 

llorizontally upon the cord £ G. Each atom in this block being 

^racted towards the earth with the same degree of force, 

and the atoms on opposite sides of the line G £ being arranged 

in exactly similar order, every single atom towards one end 

of the block is exactly balanced by another atom, similarly 

situated towards the other end, and the whole of one end of 

the block must exactly balance the other. For similar reasons, 

the whole of one side of the block must exactly balance the 

other. If we now elevate any e 

^ portion of this block we bring an 

* additional quantity of matter to- 
wards that side of the line of sus- 
pension, and. thus increase the 
force of gravity acting upon that 

side without any corresponding jl ■ ^ 

increase on the opposite side. Ajgr "^^ H 

Thus, the balance or equilibrium ^O^jjj^fjjjjg 
of the block is destroyed, and a 

when left at liberty it vibrates Pis- ii7. 

like a pendulum until brought to rest hy the resistance of the 
air in its original position. Here, then, the body A B D is 
exactly balanced because gravity acts with equal force upon 
all sides of the line E G. Now ; let the block be detached 
and again suspended by means of a hook C, inserted at the 
middle point of one extremity. The force of gravity will 
then bring it to rest in a new position ; for instead of con- 
tinuing to hang horizontally, it will assume a perpendicular 
position, and the dotted line C F will correspond with the 
line of suspension : Here, as before, gravity acts with equal 
force upon all sides of the line C F and the block is once more 
exactly balanced. But the line C F must cross or intersect the 
line E G at some fixed point ; for, if it passed on either side of 
E G, the force of gravity acting upon each side of E G could 
12* 
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not bebalHiiced u hu been proved to be the cam. ^^ I* 
let the point of intersectioa of these two lines be at H. Th '^ 
Bune mode of reanning will show that if we were to cboca^^ 
any number of points of suspension on the surface of A BD, 
allowing the body to come to rest after each en>eriment, the 
line of support in each case must pass through the same pjiDt 
H. Hence gravity must act with equal force upon all sitlea 
of this point, whatever the attitude m the body may be, and 
if H be supported in any manner, — by cord, prop, attraction 
or centrifugal force — the body will remain Imlanced and at 
rest in any attitude, unless disturbed by other forces. Gravity 
therefore acts upon the whole man as if all its matter were 
concentrated upon this point, which is therefore called tAe 
centre of gravity. 

Sir. There is a point within every body, however 
irregular in form, around which all the matter contained in 
it will balance itself in every position of the body. Thus ; 
if a rude rock A E B D be suspended by a ring at A, it will 
come to rest about some line of su»- a 

pension A B, and if again suspended 
irom any other point £, it will again 
come to rest about another line of 
suspension E D. The point C, where 
these two lines intersect each other, 
is therefore the centre of gravity of 
tile rock, about which, if supported, 
it will remain at rest in any atti- • 

tude. This mode of double suspen- '-'* 

sion often furnishes us with the most convenient mode of 
determining by experiment, the position of the centre of 
gravity in small, irregular bodies. 

312. From the foregoing fects we may deduce two practical 
conclusions which should be treasured in the memoi^ : 

(o) All lines drawn in the direction of gravity from the point 

of suspension of a suspended body, must pass through the 

centre of gravity. 
{b) When a suroended body is lefl free to change its poaition, 

the centre of gravity will seek the lowest ptMsible position ; 

which is directly under the centre of suspension. 

313. If a body be supported by a prop instead of the cord 
(rf suspension, it will remain at rest only when the support is 
placed exactly under the centre of gravity. Thus, if the block 
A B D, Fig. 117, be made to rest upon the point of a needle 
placed exactly at G, it will preserve its equilibrium, because 
the centre of gravity H is directly above that point ; but if 
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tS^^^ccitte be pkced at any otfaeripot on the under maiaoe, 
%^^J*er to either eide or extreraitv, the opponte mde or ex- 
^i^^^ulv.will preponderate and the centre of gravity will 
"wycpd until the block slidee from the support. It u only 
^ jile the block preserves its attitude 
^^Ictly, that the needle can give it 
T*^ permanent support ; for Uie in- 
^^Mt you depresa either extremity of 
*«le body, the centre of gravity re- 
^olres a little in that direction, and 
Oeing no longer immediately above 
Che point gf support, continues to de- 
■ceod until the whole block falls as 
before. Fig. 1 J 9 represents this block 
jilaced in an oblique direction upon a 
pointed stand C. It is evident that in ni. n'- 

tbia attitude it cannot remain at rest ; for, the line of support 
is in the direction E A, while by far the heavier mass of 
matter, and consequently, the centre of gravity H, lie be- 
tween that line and the extremity F. 

314. Rocks of enormous weight so feebly supported that 
the force of a single man may move them, are occasionally 
found upon the summits of lofty precipices. These great 
bodies are placed in situations nearly resembling that of the 
block balanced upon the needle. 

315, The position of a gravitating body resting upon a 
gurface, is ttable or fiermanent only when the perpendicular 
line dropped from its centre of gravity falls within the base 
upon which it rests. C D, Fig. 120, represents a horizontal 
plane upon which works another inclined plane C E or C F, 
by means of a hinge at C. Upon Ihe latter plane place two 
rectangular blocks of wood in the position and of the shape 
represented in the %ure, and let Ihe central black dot repre- 
sent the situation of the centre of gravity in each block. 
From these dots to the points A and B on the plane let fall 
perpendicular lines to represent the direction of the force of 
gravity. When the upper eiAremity of this plane is elevated 
to E, the points A and B will both be found considerably 
within the bases of the respective blocks ; consequently, the 
centres of gravity will be supported by the plane and both 
bodies will remain upright. Let us then elevate the plane 
nearly to F, At a certain elevation, the perpendicular fall- 
ing to B will be found to terminate exactly at the lower edge 
of the upper block, which will then be balanced as nicely on 
that edge as if it were supported on the edge of a penknife -, 
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the least force would overturn -it. Baise the plane com- 
j^etely to F, and the perpen- \ 

dicular to B will fall on the <r\ i 

outside of the base, the centre 
of gravity will be no longer 
supported, and the body must 
immediately roll over towards 
C. Yet we still find the point 
A within the base of the small- 
er block, which will therefore 
preserve its position, and the ^'^- ^** 

plane must be raised still higher before it can be overturned. 

316. A gentleman walking in Chesnut street or Broadway, 
elevates his head, throws his shoulders backward, and his chest 
forward, giving his form the greatest development possible with 
all the aid his tailor can bestow, while he points his toes out- 
wards, treads the ground with the walking-step of the dancer, 
and directs his shoema&er to trim down the high heels of his 
boots nearly to a point and bring the narrow sole as close as 
possible to the demonstration of a mathematical line, as if to 
prove upon how slender a foundation the reputation of a 
lofty character may be supported. The smooth, hard surface 
of the promenade -secures him from all danger of finding the 
direction of gravity falling without the base. The dkater 
goes farther, and fearlessly assumes positions not to be main- 
tained for an instant without the aid of the centrifugal force 
to counteract attraction. But the sailor, perpetually tossing 
on the waves of the sea, preserves his equilibrium by part- 
ing his bare or lightly clad feet widely, and places one 
somewhat in advance of the other, with his toes pointing 
directly forward or a little inward, to give himself the ad- 
vantage of the broadest base ; while his large trousers, his 
slightly bent and supple knees, his stooping md depressed 
shoulders, fore-shortened neck, head crouching upon the 
chest, light jacket and low-crowned tarpauline, all seem ex- 
pressly designed to bring the centre of gravity to the lowest 
point consistent with the free use of his unembarrassed limbs, 
and the cat-like activity essential in his dangerous profession. 

317. If all the heaviest articles in the wagon Fig. J 21 be 
stowed as low as possible, so as to bring the centre of gravity 
to A, the direction of the line of support pointed out bv the 
plummet line A B shows that the vehicle would be perfectly 
safe upon the road : But if an unskilful person should place the 
lighter articles below and the heavier goods above them, so 
as to raise the centre of gravity to C, the plummet line C D 
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ihat this- centre i» scarcely nipported ; for the line of 
falls upon the rim of the lower wheel, and conae- 
the slightest soAness of the 

ide of the road would suffice 

turn the wagon. So, when 

'iest part of the cargo is placed 

!ar the keel of a vessel, the 

if gravity being very low, the 

laintains her upright position 

jeat obstinacy. Even if 

Q on. her beam ends," she 

! or " right herself" again, if 

be not shifted, the moment 
wind ceases to act upon her 

ilence; but a ship thus loaded "recovers" again so 
/ that the masts may be whipped off by the jerk, as 
wand will break in the hand when moved or checked 
;kly. On the other hand, if the centre of gravity 

1 too high, the vessel rolls and pitches to a danger- 
nL Few nautical duties require more judgment than 
ler stowage of a cai^o. 

When a round ball of equal weight in every part is 
n an inclined plane, the perpendicular dropped from 
re of gravity must always uU without the base, and 
mtly, the ball will roll down the plane, whatever be 
lation. The centre of gravity in all regular solids is 
lie point of the space which they occupy, and that 
phere is therefore its ge- ^ 

d centre. Let A, Fig. 
B light round ball of uni- 
sight throughout, placed 

inclined plane similar 
represented in Fig. 120. 
, the centre of gravity of 

ere, draw C D, perpen- f i" iS. "^ 

a the plane at the point 

; becomes a tangent to the ball, and draw also C B in 
ition of gravity. The base, in this case, is the point 
the jperpendicular line C B dropped from the centre 
ty falls entirely without that base: the ball must 
e roll down the plane. But suppose another similar 
M)be loaded by the insertion of a mass of heavier mat- 
; the centre of gravity, C, will then be removed from 
metrical centre, or centre of the figure, G, and 

nearer to the weight I. From the geonve^ciiL 
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centre, draw the line 6 F, perpendicular to the ^ane, and 
the point F will represent the l^ise. on which the 1»11 stands; 
draw also the perpendicular line C H in the direction of 
gravity, and it will fall without the base towards the upper 
end of the plane. Here the centre of gravity not being 
supported, must descend, but it can only do. so by causing the 
ball to roll up ike plane till the weignt I reaches the sur- 
face and the point C coincides with the line.GF. In this 
apparent paradox it is only the figure of the sphere that 
ascends the plane, while its matter is actually falling ; for 
gravity acts upon the whole of a mass exactly in the manner 
m which it would act if all the matter in that mass were 
concentrated in the centre of gravity, and in the case before 
us, that centre, 0, descends to\vards the plane; 

319. For many purposes in the arts it is dearable to bring 
the centre of gravity below the point of support : and in this 
way stability is given to bodies where you would not at first 
sight suppose that the principle was that of simple suspen- 
sion. In Fig. 123, A B repre- 
sents a loose board slightly over- 
lapping the edge of a ta^le, D. 
Were this board unsupported, it 
would fall: yet, if a heavy weight 
W be suspended to its free por- 
tion, and if this weight be re- 
tained at a considerable distance 
beneath the edge of the tablp by „. ^ 
means of a long rod bearing '* 
against a check placed beneath the board at £, the whole 
apparatus will remain stable, because the weight W brings 
the centre of gravity of the apparatus so near to itself that 
the perpendicular line passing through that centre, when 
continued upwards, falls within the ^e of the table, and 
the centre is therefore directly supported by suspension. If 
the long rod were securely and permanently fastened to the 
board at E, the rope attached to the weight might be cut 
away without disturbing the equilibrium of the board, which 
woidd thus be kept from falling by hanging a weight to its 
free extremity. On this principle safe bridges may b^ thrown 
over otherwise impassible ravines. 

320. Many of the feats of rope dancers and other balancers 
appear much more difficult than they really are. By carrying 
a long, light pole, heavily loaded at each end, a performer 
possesses the power of raising, depressing and changing the 
centre of gravity to a great extent at will, and thus pre- 
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their equilibrium. By means of firm nerves and such 

y a man may Cross a torrent upon an ordinary rope with 

t safety. 

If two balls of equal weight, A and B, Fig. 124, be 

nected together by an inflexible rod of equal thickness 

"every part, or if we suppose the connexion to be made by 




of a rod altogether without weight, these balls will baL 

'^^ce each other exactly when the rod, being placed horizon- 
?^y, is supported at its middle point, C : for ; the two balls 
?*^^iig similarly situated in all respects, neither of them could 
j^ove under any force without compelling the other to move 
^^ the opposite direction to the same extent : — that is ; each 
^^^nst acquire the same momentum, which requires for its 
^^foduction the same amount of force : but though, of two 
■^pial and opposite forces, one 



Jiy balance or neutralize the ^^ ^g 

^Mher — ^neither can ever over- ^^ ^ ^ 

Come the other : and hence ^•*- ^**- 

Neither body can move from its position. 

322. But if, in a similar system of two bodies and a rod, 
one of the bodies be heavier than the other, they will no 
longer balance each other when the middle of the rod is sup- 
port^ ; for the greater weight brings the centre of gravity 
of the whole instrument nearer to itself, and until that centre 
is supported, there can be no stability in the system. Let 
Fig. 125 represent such a system, d r 

in which A is the heavier and B .A ! 

the liorhter body. Let the sup- \| 

port H, be moved along the rod ^ ^L 

from the middle point, until it '^^^^T»"'"'"""'~"^P' 
comes directly under G, the cen- ^^•'* 
tre of gravity of the system. The' *^ Fig. iss. 
whole will then be upheld when 

in the horizontal position, and' both bodies will remain at 
rest. It appears strange to beginners that so small a body as 
B should be able to balance sq large a one as A, merely be- 
cause it is placed farther off from the prop upon whicli the 
system reposes,, though it is evident that the force of gravity 
acts upon the larger body with far greater force. It is all- 
important that you should clearly understand the reason of 
this balance, because it furnishes the simplest instance of 
what is called an action with mechanical advantage, 

323. The circumferences of different circles are propor- 
tional to their diameters, and therefore to their radii. Hence, 
similar arcs in different circles must be also proportional to 
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the radii. Now, in Fig. 125, if the great ball A w1iiiMll|^ >r 
attract»*d towards the earth in the direction A £» dnit W^, : 
mov«^ at all, it must describe an arc A C. But it canniill K^^ 
so unless the lesser ball B at the other end of the inflenUe Iw^. 
rod should dt scribe a corresponding arc B D in ths Mi L ^ < 
time and nianner. But the arc B D is as much greater fbft m^^^ 
the arc A C, as the radius G B is greater than the nSm |||»^jvr 
G A— that isBD:AC::GB:GA. Now, tbe dkbucfi l;^t 
described by moving bodies in the same given time are nc^ l^d 
sures of the velocities of those bodies : ^erefore, if the Id V Ji 
A should move at all, its velocity will be represented If Vkx}^ 
A C, and that of the ball B by B D. But the velocity d i UVi 
body multiplied by its weight, mass or quantity of nmto) y^ 
represents its momentum or moving force. Therefore ih« 
weight of 6x B D represents the momentum of B, and Ac 
weight of A X A C represents that of A. But as B D : AC 
: : G B : G A, we may take the two latter proportionals ifr I 
stead of the two former, and by multiplying them by the le- | 
spcctive weights of B and A, we shall obtain two nuniben ] 
exactly proportional to the momenta of these bodies, and ^ 
may therefore employ these numbers to express the relative 
momenta of the weights. Thus ; if the weight of B X G B be 
taken to represent the momentum of B, then the weight of 
A X G A will represent the momentum of A : and these mo- 
menta act in opposite directions. These two forces there- 
fore tend to check or neutralize each other. Now suppose 
that B X G B is equal to A X G A — ^that is, suppose that B 
multiplied by its distance from the centre of gravity G, is 
equal to A multiplied by its distance from the centre of 
gravity — it is evident that the momenta of the two balls 
being equal and opposite, if they be moved by gravity or any 
other force, the one will instantly counterbidance the other : 
Therefore they cannot move at all, 

324. If the support or prop H were placed nearer to A, 
B X B H would be greater than A X A H, and by virtue of its 
increased relative momentum when put in motion, it would 
enjoy a mechanical advantage over A ; and by descending 
would cause it to rise : but if the prop were moved nearer to 
B, Ax A II would become greater than BxB H, and the 
l)all A would subside, forcing B to ascend. 

325, As gravity acts upon all bodies precisely as if their 
iiuwKeH were concentrated in their centres of gravity, it is 
nj'ceNNory in calculating the effects and the reactions of bodies 
l>l«u*.«'(l ttt di/iSTent distances from the centre of gravity of a 
"yHleni, that we should estimate those distances by measuring, 
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not from the exterior sur&ce, but from the centres of gravity 
of the bodies to that of the system : thus ; the distance A Gy 
in Fig. 125, must be taken, not from the outside of the sphere, 
but from its centre. This should never be forgotten. 

326. As the , momentum or effect of any weight in 
such n system as that just described must increase in exact 
proportion to its distance from the centre of gravity of the 
system, it foUows that in order to obtain an equilibrium, the 
weights must be inversely, or as it is termed, reciprocally 
proportional to their distances. Therefore, in Fig. 125, 
B : A : : A G : B G. JHenee ; if we take the line B G 
to represent the relative weight of A, then A G will repre- 
sent the relative weight of B. ; and consequently, the whole 
line A B will represetit the relative amount of the sum of the 
"weights. From this fact we may derive the following rules 
for calculaUng the weights and distances under various cir- 
cumstances. ' But let it be remembered that, for the present, 
the effect of the weight of the connecting rod, though an im- 
portant item, is neglected. It will be taken iiito considera- 
tion hereafter. 

3fi7. The weights and the length of the rod being known, 
it is required .to find the centre of gravity : 
(a.)' As the sum of the weights A and B, Fig. 125, is to 
either weight, (B for instance,) so is the whole distance 
( A B) to the distance between the centre of gravity and the 
other weight (A G). Deduct this from the whole line (A B), 
and the remainder will be the distance of the other weight 
(BG) from the same centre. Thus;, t^o boys, A and B, 
Fig. 126, wish to play 
at see-saw on a board 
15 feet long, and wish 
to know how to fix 
the board — neglect- 
ing its weight — so that 
they may sit at the 
opposite ends and bal- * ig . 128. 

ance each other. A weighs 60 pounds, while B weighs 
but 42 .pounds. -They proceed with their calculation thus : 

Sum of weight. Weight of A. Length of Board. Dist. of B from centre. 

As 102 : 60 : : 15 : 8 ft. 1 in. nearly. 

Deduct this from the whole length of the board, and 
there remains §• feet 11 inches, which is the distance 
from the centre of gravity to the place which A should 
occupy-, 
13 
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328. Both weights, and the distance of one of them ftaam ^i 
le centre of gravity being given, it is require fo ascertuit > ;r; 
he distance of the other weight from that centre. |t^ 
6.) As the weight whose distance is unknown is to the 
. weight whose distance is known, so is the distance of the 

latter to the distance of the former. . I^or, in Fig. 125, let 
the weight of A and B be known, and also the distance 
A 6. You have already been shown that B : A : : A G : 
B G. Thus B 6 is easily calculated. 

329. The length of the red, the position of the centre oi 
gravity, and the sum of the weights being known, the amount 
of each weight is required, 
(r.) As the whole length of the rod is to the distance of 

either weight from the centre of gravity, so is the sum 
of the weights to the other weight. 

330. It is evident from the tenor of the preceding para- 
graphs that the effect of any body balanced upon a horizontal 
rod and acted upon by gravity, may be represented by the 
product resulting from multiplying its weight by the distance 
between its proper centre of gravity and the point (tf support. 
If, then, a number of bodies be ranged' along the same rod on 
opposite sides of the support, as in Fig. 127, they will only 
be in equilibrium when Ax A G+BxBG + Cx-C G=Dx 
p G-f Ex E G-f Fx F G. Now, suppose that the litUe bodies 
in this figure be diffused along ^ 
the cord instead of being concen- ^^^^Jt^^^S-^^^^.^k 
trated into small spheres. They wW'W""J^'w^rw 
will then form a rod or bar of rig. is7. 
considerable weight; and this 

bar cai only be in equilibrium when the sum of the products 
of each particle or atom of matter on one side of the support 
multiplied by its distance from this point, is equal to the sum 
of the products of each particle or atom on the other side 
multiplied by its distance from the same point. 

331. In the common scale beam, Fig. 128, this is always, 
the case, for the two arms, A C, B C, being similar, the cen- 
tre of gravity, D, is ex- 
actly in the middle of 
the beam, and the point 
of support, C, is placed 
as near to the same spot 
as may be convenient. 
It would not juiswcr to 
place the jwint of sus- ^^ 

pension cxacflij ut the ^^p i ^' 

cf^nfrpofsprfiviiy: inriho «• - • | ^ 
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,^DuId then remain at rest in ainy attitude, and would 

^^^brate when either end is depressed (310). Neither 

^ it answer to place the support beneath the centre of 

^^7 i for, in that case, the moment the slightest obliquity 

beam occurred, the beam would be overturned (313). 

Jirop of a scale beam is therefore always placed a very 
4bove the centre of gravity, 

^ Steel*yards are less accurate than balances. Fig. 

^represents a steel-yard suspended by the hook G from 
^ firm support. The - « 

I*B is four times as 

Es the arm F A : there- 
by unless .the former is 

e much lighter than 

latter, the <:entre of 
^-^vity of the whole bar ^«- ^' 

^^M, be nearer to B than is the point of suspension ; and 
Consequently, the longer end will descend. To prevent this, 
^e arm F B is thinned off to very narrow dimensions 
V>wards B, in order to lessen its weight as much as possible, 
While F A is made thick and massive, to assist in balancing it. 
But all bodies are acted upon by gravity in the same manner 
as if all their matter was concentrated in the centre of 
gravity (310); now, let E be the centre of gravity of the 
long arm, and D that of the short arm : then the steel-yard 
cannot rest horizontally unless the weight of F B X F £ is 
equal to the weight of F A X F D. As steel-yards are em- 
ployed for measuring very heavy bodies it is necessary to 
make F A so short that no convenient thitkness will enable 
it to counterbalance the long arm. The body which we 
intend to weigh by the steel-yard is generally suspended by 
a hook from the shorter arm ; and in order to subject propor- 
tional weights at opposite ends of the bar to the law already 
laid down for bodies connected by rods supposed to weigh 
nothing (321), we must load the shorter arm sufficiently 
to bring the centre of gravity of the whole instrument to 
F, before we employ it in judging of the weight of other 
bodies. This is usually done by large dealers, but is often 
neglected by retailers and dom^ic operators, to the injury 
of others or themselves. 

333. The mode of estimating weight by the steel-yard is 
easily explained. The upper edge of the long arm is divided 
into a scale of equal parts, continued from its free extremity 
as nearly as possible to the point of suspension. In Fig. 129,* 
this scale includes sixteen divisions, and the short ^xm\& ^o^pa^. 
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to four of thoie divirions. Here, then, if tbe jlwl-j«4l 
p-rly baliintf^, a weij^ht of + ounces suspended »tB w^, — .„rn 
bal.iiici- a iMiiind suspenclfti at A. If this weight be ^^■^ -, , 
I'rujii orii' (liviMoiitriaiiother, towards the pamtofi , 
it lii.i. > iiin-siKlfcdtli of its distance from Ihe Mnlreof! 
]H']i!-i->ii, wliitli is now the tentre of graTitv, at eveij' 
and as thi' MlVrt of (iravitv upon it is propartioBdi 
wvijrhl multiplii-d by that distance (330), it minttliil 
oni'-sixtfenth of its ctiect in balancing the bodystA. *'L-. ,j^ 
its first or ^nfitrrf cirict was capd>le of balancing i p^ V^ ^ ( 
it th>Ti'liir>' liatanci's one ounce leas for every diTin«iiifcff*"_,|, 
wiilc through which it moves : each division is thewftB* ^" 
itii-iniiri- f>f one ounce of thi' weight of a body fflispesW* 
A. If a wpi<;ht of 4. pounds were substituted *"**'t^^ 
inmci-s, on th-- longer arm, each division would becomefc |^|^ 
uh-jsiire of a pound -. and larger weights inay be empbjeJo I . 
the same {vinciple to any extent. \*l^- 

33-1-. Dalances are sometimes made of angular or cum- I ■* 
lim-ar beams. Let A C B, Fig. 130, be an angular bf^ . 
Kuspi'ndcd from the point C, with \v-eights appended toi* V '^ 
arms at A and B. It is ei'idu'nt that the centre of gtaTiljii y 
below the centre of suspenuoa in this 
case ; therefore it must be somewhere 
in the p<>rpendicular line dropped 
from that point. But it cannot be 
found in the short part of that pet^ 
pendicular line which is within the 
beam ; for thi-ro is no point within 
the beam about which the two arms , 
could balance each other in every at- 
titude. Thus you perceive that the 
ci'nlro of gravity of a body is not necessarily within the bod) 
itself, but may be in the opon, unoccupied space between il« 
several parts. Therefore, from C let fall a perpeiidicular line 
in the direction of gravity, D E being a part of this line, and 
let O be the centre of gravity. Through G, draw the hori- 
zontal line HI, and, from Ihe pointsof suspension of the twu 
weights draw Ihe lines A D and B E perpendicular to E D: 
also draw I A and U H parallt-l to D E. It is evident that thi- 
Krjivily of ih,. weight al B has the same tendency to cause th' 
nrni (■ B lo revolve upon the point C, that it would have if H 1 
wi-n- un iiiUfxilili' rod attached immoveahly to that arm, am! 
hi- sauie weij^'ht were attached at H : also ; that the weight at A 
irilmr" """" ''''"'""cy to turn the arm C A as it would have 

"w arm wore Qumecled with the rod H I, and the weight 
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led at I. But if H I were such a rdd, and tbe 
3 attached, the centre of gravity 6 would ba 
upported by mi^nsion from C. Now, when 
' gravity of two bodies is supported whctiier by 
' suspension, they will be in equilibrium when 
f one multiplied by its distance from that centre 
le weight of the other multiplied by its distance 
ne point (323). Therefore, if we neglect the 
le angular beam A G B, this balance will be in 
whenBxH6=AxI6. But H 6 is equal to 

to A D ; therefore the balance will be in equi> 
1 the weight at A multiplied by A D — its pep- 
stance from D £ or G E — is equal to the weight at 
by B £ — its perpendicular distance from the same 
s this result has no dependence upon the degree 

or the kind of curvature given to the beam, the 
plies to all weighing beams and steel-jrards with- 
m. 

)mmon form of balance is seen at Fig. 131. 
its a light rod, considerably enlarged, to form a 
i It may be either straight or curved, and is 
Y a pivot at £, which allows it to play freely 
e quadrant or a 

of a circle B G. 
s affixed to the 
^lurnn which sup- 
)paratus ; and a 
c quadrant A Dis 
the rod in the 
resented ' in the 
}llows all its mo- 
r this quadrant 
ff fine wire, secuiv 
l dependent from 
ty D. It gives 
mall ring or hook, 

is suspended a Kg. isi. 

F. The larger 
X is permanently attached to the pillar^ and is 

that each division represents a pound, or some 
f weight. When unloaded, the rod hangs in 
in the attitude represented in the figure ; but 
hg is placed in the scale, the extremity B rises 
J the weight of the article upon the graduated 
ascends, the lesser quadrant subades «xid AftYvi^w 
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a portion of its cord or wire, which, still presemnjftK 
rt'Ctioii of a tangi-nt to the arc, keeps the weight in the" 
ahvavs at th'' same distance from a line dropped 
larlv from th«» jxiint of suspension ; the effect of thii 
tlh-n'fon', rfmains the same in every attitude of i ^ . 
Not so the «*lfoct of the weight B: This is COTtimdbi 
cn-asing as B recedes from the perpendicular line: i»"J 
scalf i.s th»*n*fore graduated, not according to theleag^* 
the arcs described by the extremity B, but according toil 
xiiH s of those arcs — the sine of an arc being a Um fom^ m. '^ * 
from one extremity of the arc ptrpendicvlarly to« rsiiftspJ-J^ 
tirairti through its other extremity, P^ ^^^ 

;}3j;. It is now time to speak of the mode of finfingfc 
ci'ntn- of iiravity or equilibrium in complex system c* 
taiiiing: mon* than two bodies. Let A, B, C, D,E, Fig.H 
ripr«*stMit four Ixxlies of which we know i 

the respective weiglits, forms and po- 
sit ioris. W«' desire to know the common 
centre of gravity or equilibrium of all ^ 
these bodies. Find, by the rule already 
laid down (3:27), the centre of gravit}' of 
A and H, represented by the large dot in 
the Jine between those bodies in the figure. • 
Tlien, considering all the matter in A and 
15 as concentrated in this centre (325), 
cjilculate the centre of gravity of these two bodies united and 
th<^ body ('. This is represented by the large dot in the line 
joining th(^ first centre with the body C, and this second dot 
IS therefore^ the centre of gravity of the three bodies A, B 
and C. Consider tliese three bodies as concentrated there, 
and proceed as before with the sum of their quantities of 
matt(T and that of the body D, to determine the centre of 
gravity of these four bodies, as represented by a third dot in 
th(* line joining the second centre with D. By the same 
operation repeated and including the last body E, you can 
determine the point F, which is the common centre of gnr 
vity or equilibrium for all the bodies in this system. 

li'M, Kvery body in nature may be viewed as a system of 
independent atoms. But as w^e cannot number these atoms 
it is impossible to calculate the position of their centre of 
pnivity in the manner just described, and some readier mode 
»B necessary. In irregular bodies the determination of the 
p*Mitre of gravity by calculation is exceedingly difficult, and it 
^niuch easier to ascertain it by experiment (311). But in 
*^15^1ar solids of equal density throughout, the calculation 
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We hive ipftce hen only ibr a few re«ulti, leavine 
fcprove their truth ibr yourselvei after having studied 
-try. 

^. The ceatre of ^vity in spherical and sj^eroidal 
— ^ of uniform density la the geometrical centre of the 
^*^e? or space occupied by the boiy. That of circular or 
'^$^t-acal tables is in the tniddle of their thickness acid at 
?*•■ geomelrical centre. That of the cylinder and all 
*^*»xs, is in the middle of the axis. 

_ ^*^9, If three cylinders be so arranged that their axes form 

^ Equilateral triangle, the proper centres of gravity of the 

]^'" ^ral aides are in the centres of their axes, and lines drawn 

I^*'pendicularly from these points will meet at the centre of 

i^^-"Vltv of, the system. The same thing is true of any nunv- 

J|\^ of cylinders ranged in the form of sides to any regular 

^^^l^OD ; and, as a polygonal table may be regarded as made 

^^^^ m a number of sinular and concentric systems gf cylin- 

"^^^n, the centre of gravity of all regular tabular polygonal 

Sadies may be found in the middle of their thicltness and at 

^e point where lines drawn perpendicularly from the middle 

^f any two of the sides intersect each other. If a line be 

'^l^wn from either angle of a triangular table to the middle 

W the qppoalte side, the centre of gravity will be found in 

the middle of the thickness of the table, at the distance equal 

to two-thirds of the length of this line measured from the 

aiigle, or one-^hird measvired from the side. 

3i0. If bodies of equal weight be ranged in such a manner 
IS to correspond with the angles or the middles of the sides 
of any regular polygon, — that is ; if they be arranged at equal 
distances around a common centre, — their centre of gravity 
may be found by the rule just laid down for the polygonal 
system of cylinders (339): for it is of no consequence whether 
the weight of each side be dilTuscd evenly throughout the ex- 
tent of that side, concentrated in one mass into its centre of 
gravity, or gathered into two equal masses at its opposite ex- 
tremities, which are equidistant from that centre. — The effect 
in all these cases is the same. For the same reason, if three 
bodies of equal weight correspond with either the aisles or 
the middies of the sides of any triangle, their common centre 
of gravity may be calculated by the rule just laid down for 
triangles in general. 

341. The centre of gravity of any parallelopipedon is 
found in the middle of a line drawn from the intersection of 
the two diagonals of either of the feces to the intersection of 
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the carreqponding lines on the opponte hce. That of a eone 
is found in the axis of the figure, at the distance of one-fourth 
of its length above the middle of its base : That of a hemis- 
phere, is perpendicularly over the middle of the base, at 
three-eighths of the height of the dome. The calculaticmof 
the position of this point in all the regular polyhedrons is not 
materially more dAcult, but in ^ elementary work it is 
imnecessary to enlarge upon this sulject. 

342. You will read, in many works on natural philosophy, 
of the centre of gravity of lines, surfaces and spaces, but all 
such applications of the term are absurd ; for that which has 
no material existence can not gravitate, and can have no 
centre of gravity. 

343. C^ Centres of Sponitmeous RevoluHan* — ^You are 
now fuUy acqusiinted with the fact that the force of gravity 
in all bodies and parts of bodies is proportional to the quan- 
tity of matter which they contain, oecause gravity is a pro- 
perty of all matter. But inertia is' also a property of all 
matter; hence, whether in motion or at r^, the inertia 
of all bodies and parts of bodies is proportional to the 
quantity of matter which they contaih. Now, inertia may 
be regarded as a force; for by its means all bodies resist 
jjiy change of their existing tx>ndition of motion or rest ; and 
as it is distributed throughout all matter in the same manner 
with gravity, the centre of gravity must also be the centre 
of inertia or of mechanical resistance ; and either of these 
three names may be applied to it with equal propriety. 
Therefore, if the system of two bodies A and B, Fig. 133, were 
in motion in such a manner as to preserve a direction con- 
stantly parallel to their position 

in the figure, and were then sud- / \j 

denly arrested by any force ap- ^^^ ^ 

plied at G, (the centre of grav- ^^^PTSr"""""^—^!!! 
ity) the whole system would be ^W*' " 
brought suddenly to rest ;" because ^>«- 133- 

the bodies move only in virtue of their inertia, and G being 
the centre of inertia, the inertia of A and B would exactly 
equipoise each other at this point ; and the momentum of the 
system would act as if all the matter therein were concen- 
trated about G. - , 

344'. If the force opposing the motion in this case were 
more than sufficient to check the advance of the system, the 
bodies A and B would be thrown back with proportional 
velocity in the direction of the superior force, according to 
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^^"Wi of impact developed in the last section; but all 

^ cf the system would rAmain unchanged in their rela- 

^-poation, because the equipoise of the inertia of the two 

_ **^» would not be disturbed by the opposing force. On 

V»* Contrary ; if the opposing force were too feeble to check 

*" ^^he motion of the system, it would merely destroy a por- 

*" thereof, without affecting the equipoise df the remainder; 

the system would then continue to advance with dimin- 

d velocity^ according to the laws of impact. 

^4>5. If the opposing force were applied on either side 

the centre of inertia G, tliere would no longer be an equi- 

^iie on opposite sides of the point of action ; but, the inertia 




— *^ one of the bodies preponderating, it would be less retarded 

5«^i - - 
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^to the other body. Let us suppose this force to be applied 
^^tween G and B. In this case, the motion of A and that 
^ the centre of inertia G would be less retarded than that 
^f B. But these two bodies are preserved within a given 
^listance of each other by the rod connecting them . There- 
fore, as one body moves faster than the other, they must change 
their relative positions in consequence of the application of 
such a force. « 

346. Now ; under the circumstances mentioned in the last 
paragraph, the whole system must feel the effects of the 
lorce supplied, which clianges its existing state of motion, and 
must resist this change by its inertia: but this resistance 
being offered equally by each particle in the entire system, 
the combined effect of all these resistances nrnst equipoise 
each other at the centre of inertia or resistance G : or, in 
other words; the effect of mechanical action or reaction 
upon the whole system will be exactly the same as if all the 
matter in the system were concentrated in the centre of 
gravity or inettia, and the same force were then applied in 
the same direction at that point. The centre of gravity of 
the system will therefore be brought to rest, or it will be 
thrown back in a direction parallel to that of the force 
applied, or it will continue to advance with diminished 
rapidity, according to the violence of this force, precisely 
as if it were placed under the circumstances described in 
paragraph 344. 

347. Not so, however, the different parts of the system: 
for these are compelled to change their relative position by 
the force (345) ; and as they are preserved at a fixed distance 
from the centre G by their connecting rod, or by the bond 
uniting the parts of the system, whatever that may be, they 
can only do so by revolving around G as a ceulie. 
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348., These fiicts being almost 4xx> gpofound ioir begiimen, 
though capable of very clear niathematical proof, we tntit 
that the foregoing reqnarks ^ill enable the pupil to comi«e- 
hend the following laws of mechanical force y remembcnng 
that forces produce their impression in the per})endicular di- 
rection only. 

(a.) Bodies act and are acted upon, by all; forces in the same 
manner that they would be if all their matter could be con- 
centrated at their centres of gravity, while their iGgures re- 
mained impenetrable. 
(b.) When force is applied to any body or system of bodies 
in a direction not passing through the .centre of gravity or 
inertia, the body or system viewed as a whole, is afiected 
in precisely the same manner as if the force had acted iB4i 
direction passing through that centre, which will therefore 
be put in motion, arrested, accelerated, retarded or brought 
to rest, according to the rules of direct impact. We wR 
explain this law by a figure. o p 

Let A M B N, Fig. 134, repre- 
sent any body at rest in space, 
of which A B is an axis and C 
the centre of gravity; and let 
this body be impressed by a 
force acting at F in the direc- 
tion E F. Now if this force be 
sufficient, when applied in the 
direction M C, to drive the cien- 
tre of gravity by an absolute 
motion from C to D in one 
second of time, it will cause that 
centre to move through the same 
line C D, even when it is applied at F; and the line C D 
will also be parallel to £ F. 
(c.) When force is applied to a body or system of bodies in 
a direction not passing through the centre of gravity or 
inertia, this force causes the body or system to revolve rela- 
tively around the centre of gravity or in^ia with as great 
velocity as if this centre were absolutely fixed in space. 
For the centre of gravity is also the centre of residence 
(343) ; and the resistance of the whole mass being equally 
balanced about C, the force acting in the direction E F 
causes the whole body to revolve round C exactly as if 
A C B were a weighing beam suspended by inertia instead 
of a cord or prop at C. 
349. But, if the centre C were permanently fixed, it i^ 




Fig. 134. 
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:Tident that the force applied could not cause the extremity 
J'lo advance without compelling the extremity A to move 
iackwards to a proportional extent. Therefore when the 
;eutre C is advancing along the line G D, all parts of the body 
letv/'een G and B continue to advance relatively to the cen- 
re, and all parts between G and A continue to recede rela- 
voel^y so as to revolve in relative circles around G. Now sup- 
X)se Uiat the force applied in the direction £ F is such as 
ATOuId cause the extremity B to revolve as far as H, and the 
extremity A to retreat as far as 6, if the centre were fixed, in 
sxactly Uie time required to'carry the centre of gravity to D, 
nrhen it is moveable. On the former supposition, at the 
3iid of this time, the axis A B would be found in the line 
Gr H ; but while it is endeavouring to assume this position, 
khe centre and the whole body, together with the whole axis 
are carried forward in a direction parallel to £ F and equal 
to C D. The extremity B will therefore be found at K in- 
stead of H. Therefore the line I K will represent the posi- 
tion of the axis at the end of one second of time, and L will 
represent the point of intersection between the new and 
original directions of the axis. Here it will be perceived that 
while B has advanced to H, A has actually retreated to I. 
At any fixed instant of time then, all the matter between L 
and B is absolutely advancing in space, and all between L 
and A is retreating in space. 

350. But the matter about the point L is really moving 
around the relative centre, G or D, in a relative circle. If 
the line A B be supposed to advance with the centre, in a 
direction constantly parallel to its first position, all the mat-' 
ten about the circle L M F N must come successively into 
the same relative position with regard to A and B ; — that is ; the 
distance A L and B L will remain constantly the same ; and 
at all times, the matter, if there be any, between L and B will 
be advancing, while* that between L and A is receding. 
Therefore, L is a relative point which advances along the 
line L with the same velocity that the centre of gravity 
advances along the line G P. Such a point is called a centre 
of spontanecdis revolvtion^ because the portions of matter on 
opposite sides of it, if there be any, are absolutely revolving 
about it in opposite directions. 

351, If the angular velocity communicated to B had been 
less, the force applied remaining the same — which would 
have been the case had E F been nearer to G the centre of 
inertia, — ^the point L would have been proportionally far- 
ther from G ) and hence, it might be placed entirely beyond 
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the body, somewhere in the line B A produced, ^''"^^vlf l^ 

would then constitute a virtual or theoretical centre of i^l . ^^ 
lution. In this case no part of the body could ^^^^1^1^. 
a retrograde motion in space, but all parts would '^'*|^j^ i 
with a velocity alternately accelerated or retarded. ^I'ljf ^ 
been calculated that if the earth received its dinnud rewW I iJ^V^ 
motion from the projectile force which urged it fenmii l|'^^ 
the beginning of its career around the sun, that fewe •^ ■**^ 
have been applied at the distance of about twenty-fire li . ^ 
from its centre. ivj ^ 

.^52. It is obvious, then, that there must be soBievtaK 1^ 
within or without the matter composing any body or tj^ " ^ 
of bodies put in rotary motion by a projecting force, t^iitid 
or real centre of spontaneous revolution. Let A B, Fig.l^ Vr^ 
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be a system of bodies, C the centre of gravity and L the centre 
of spontaneous revolution. Conceive the force to be appM 
somewhere between C and B in such a manner as to caiue 
C to describe the line CD while the system makes one revo- 
lution around this point. With the radius C L describe the 
circle represented by dots in the figure. Here, the moment 
that rotation commences, the relative point L will advance 
along the line L K with a velocity and direction equal and 
parallel to that of the centre of inertia C ; and all the matter 
which is above the line L K will be advancing in space, 
while all the matter which may be brought below that line 
from time to time will recede in space until its revolution 
around C as a relative centre causes it to rise once more 
above the line (348, c). The system therefore moves like 
a rolling wheel (270) of which the radius is the distance 
between th(» centre of gravity and the centre of rotation, 
tli(» road being represented by the line R K, the body B 
placed on on(» of the spokes of the wheel, and the body A 
|Mx)n the opposite spoke produced. It is evident that, while 
"»t5 dotted circle rolls along the line L K, carrying with it 
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ikepaini L, which constantiy represents the bottoth of the 
wheel, the matter about this point must revolve with the cir- 
cumference, and must therefore describe a succession of 
cycloids L, N, O, I, &c., while the body B describes a suc- 
cesBion of curves, forming a series of modified cycloids B, £, 
F, &c., and the body A^ describes a series of looped curves — ■ 
also modified cycloids — A R K G M H, &c. B then, will 
be eontintially advancing in space, because it never passes 
below the line L K ; but A will move forward when above 
the line, as from R to K and horn M to H, and will recede 
when below the line, as from A to R, and from K to M. 

353. Instances of centres of spontaneous revolution, are 
frequently witnessed in the common transactions of life. 
When the Indian casts his tomahawk, or the Spaniard his 
knife at an enemy, the missile is not thrown with its edge 
or its point directed at all times towards the object of attacK, 
but receives a rotary motion around its centre of gravity 
which readers it still more formidable in giving a wound. 
When a billet of wood lying athwart a block or a log is in- 
cautiously struck by a wood-chopper upon its projecting 
extremity, it may be whirled into the air with great forcej 
and will then form for itself an axis of spontaneous revolu- 
tion; so that while the centre of gravity steadily pursues the 
parabolic course of a projectile ^239), the extremities of the 
billet may advance or retreat alternately during their revo- 
lution, like the body A in Fig. 135 ; and instances have been 
known of men being killed by a blow received in rear from 
a heavy stick moving in this manner after the centre of 
gravity had passed entirely beyond the person. Fig. 136 
represents a light bar of wood A B supported upon the edges of 




Fig. 136. 

two wine-glasses. If this bar be struck with moderate force 
upon its middle point C, the glasses will be crushed ; but if 
a walking cane or a poker be brought down upon this point 
with great velocity, the cohesion of the bar may be over- 
come before time is allowed for the communication of mo- 
mentum to thQ whole bar. In this case, the bar being 
instantly broken, the pieces immediately begin to revolve 
around their respective centres of gravity, which at the same 
time descend towards the table according to the law already 
14 
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explained (348, b)y and by this combined acticm, ea£h|it^L 
may form for itst^lf a centre of spontaneous revolutioajil ^. 
soim* jx^int D : so that the extremities resting onthe^KrY 
may h«* made to rise up instead of being driven downwrii I J . 
the' moment of the blow, and the fragments of the «• V ^^ 
then fall harmlessly upon the table, leaving the ^ 1^,^ 
uninjuriHl. l^ 

Soi. The Earth and Moon revolve around ^^^F^l Ifi 
centre of gravity, while, at the same time, that centre i» V^ 
revolves around the common centre of gravity of ft* Vf 
two Ixxlies and the sun, towards which they gravitate. Tbi I " 
same thing is true with regard to the sun and each of u« I 
other planets, with its satellites, if it have any: Therefm I 
all the boilies composing the solar system arc cons^antl} ' 
divscribing as many series of modified cycloids, compUcaln 
and ilisturbod in a thousand ways by their mutual attracdoiU} 
but capable of accurate calculation and dependent upon the 
same laws of gravitation and inertia that regulate the motioQ 
of the wood-chopper^s billet, or the system represented io 
Fig. 1 3;>. The heavens are crowded with monster suns 
and planets of vast size, in comparison with which those of 
our own small constellation appear almost contemptible; yvjt 
all pursue their course in their gigantic orbits, bound by the 
same bonds and impelled by the same forces : thus you po^ 
ceive how the humblest accidents of common life may illasp 
trate the grandest works of the creation, and you will be les 
surprised to hear that the fall of an apple induced the trail 
of thought that led to the discovery of the harmony of th« 
spheres, and almost warranted the bold expression of thi 
poet : 

** Nature and natiirc*s laws lay hid in n'lg^ht ; 
God said ; * I^et Newton be !* — and there was Light." 

355. All permanent systems of bodies united by the ii- 
traciiofi of gravitation must necessarily revolve in opposif 
directions around their centres of gravity, — Let A an.l B 
Fig. 137, be two bodies at rest which attract each othi^r b; 
gravity ; and let the weight or mass of A be double that of I 
Then B will be twice as far as A from the centre of gravit 
G.* Now, if they be free to move, these bodies will gravi 
tale and come toojether somewhere. But their mutual a1 



* Because bodies or systems are equipoised in all attitudes only aboi 
heir centres of gravity (322), and because when a system of tv 
*|>dic8 is thus equipoised, the wciglits of the bodies must be inverse! 

**Poriionul to their difitanecs from tlie centre of gravity (326). 
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LOQ canift)t communicate r 

itnpmentumtooneofthese --^ 

» than to the other j be- /*' ^v 

momentum is the mea- / ....•^-^ \ 

offorce; and B must move / /** ^w^ \ 

^^ as fast as A to acquire the p / •'^^hB— *— i— -^fc" 
.momentum: Therefore, ^i^^^""^"*''^^ 

the mutual attraction \ ^'•-.^..^•^ / 
^^9B A through the distance \ "^ J 

^^\'^ ^> it will draw B twice as far x.^ y^ 

^;^*that is ; from B to G ; and "**^-: " 

Mie two bodies wiU meet at their '^'* ^' 

^entre of gravity. For the same reason, if any number of bo- 
dies composing a system at rest be left free to obey the laws 
Tif gravity, they will all meet at the same moment in their 
^Ximmon centre of gravity. Npw, let A and B represent a 

{lanet and its satellite, revolving in their respective orbits 
E F and ADC. Here, nothing but their centrifugal 
forces prevent the two bodies from being brought together in 
consequence of mutual attraction, and in order that they may 
remain at the same mean distance from each other, it is ob- 
viously necessary that these centrifugal forces should be equal 
and opposite. But the centrifugal force is merely the result 
of the stru^le by which a body compelled to move in a 
curve endeavors to fly off in a tangent to that curve, and hence 
it must be exactly proportional to the moving force or mo- 
mentum of the body. But the momenta of A and B cannot 
be equal and opposite, unless the bodies are in equilibrium — 
that IS ; unless B multiplied by B G is equal to A multiplied 
by A G (326). You perceive, then, that the law compelling 
the various systems and sub-systems of the heavenly bodies 
to revolve around their several centres of gravity in oppo- 
site directions is fixed and immutable — and hence, if certain 
comets having a motion contrary to that of the greater masses 
in the solar constellation were to remain permanently within 
that system, they would become causes of disturbance to other 
bodies, and would probably terminate their career in the de- 
struction of their own independent existence or that of the 
planets themselves. 

356. As this law of equilibrium in all bodies revolving in 
a system is independent of the nature of the bond which 
unites the several bodies at their proper respective distances, 
any body or combination of bodies, when made to revolve in 
any manner, will revolve relatively around the centre of gravi- 
ty the moment it is left free to do so. Thus *, sus^eivd^^'KK^ 
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vxpliic-^ .:U.S. bi, and by thia combined «*«»)***F5l|j^ 
" j.i i:tr.: r-.r i:*-li' a cemie of spontaneoua ^^'^"■sl,— 3— 
1 ...- ;■ -.: D « ib.M the tstremilies resting on the ^1^ _il^ 
:. j". :■■ nu.:- U ri*p up instead of being driven down™* I "' 
■-.-'■.-r.: ot the blow, and the fragmenU of the "g I . : 
"le table, leavii^ tie 6*! I* ' 



iil'. nirmle»ly upon the t 



3.>V. The Earth and Moon revolve around thairtol, 
C'-i.-T-: A iravity, while, at the same lime, that cenlttiw 1 
r-v -'■■>* k.-jiind the common centre of granly of ^ V^j^ 
■.■■.■■ ':<«:i-s a-Tii the sun, to^'ards which they gravitate. T^ \^ 
fj..-. - '.\a.iz ij trac with re^rd to the sun and eath tiU L^ 
;r. 7 j.:i:.-"j. wiih its satellites, if it have any; Thereto 1 
i^i ;rj-- ">jv:i.-j compL^ing the solar system are MnatiDllj I 
i! '^'rLiiiij oi maiiv series of modified cycloids, complicate I 
a;iJ liiit'irriod in a thousajid u'ays by their mutual attndiooi, \ 
'.ml iipaSk- of accurate calculation and dependent upanllu I 
same laws ul gravitation and inertia that r^ulate the rK*im 1 
ul th' Wi>jJ-c hopper's billet, or the aysleni represented in 
Fi^', 13.">, The heavens are crowded with monster au 
and pla:i"ts <\> va^t fize, in comparison with whicti those of 
our own small const illation app^-ar almost contempiiblej jd 
idl p'.irsU'' thi-ir cours.' in their gigantic orbits, bound by tb: 
suini' \K>;iiii aiid iinp.'IK'd by the same forces : thus jou p«- 
('■■ivi- how the humbli'st accidents of common life may i\l» 
trail- thi- grandest works of the creation, and 3-ou will be iM 
Kiirprisiil to hr>ar that the fall of an apple induced the train 
of thought that li-d to the discovery of the harmony of Ihe 
K]>hiT''s, and almost warranted the bold expression of the 
poet : 

■•N.iliicc and nature's l&ws la; hJU in niglit; 
(Jmi said; 'l.et Ncwlon be!' — and there was Light." 

3,'>:'>. AH pcrmnnent syslems of bodies united bt/ the «'.- 
triirlion of frraeilalioii must neciMarily reoolee in oppoiilt 
dirrrlionn around their centret of ffraoily. — Let A an.l Bj 
Fig. 137, be two bodies at rest which attract each other by 
gravity; and let the weight or mass of A be double that of B. 
Thi'Ti II will be twice as far as A from the centre of gravity 
0,» Now, if Ihi-y be free to move, these bodies will gran- 
tati- and come tt^ethiT somewhere. But their mutual at- 



>1lTLttitiidc!>onl3'Hboiil 



iDlr' "■"''" "I" Rtavilr (392). and bewuso wh«n a syslem of Iwo 
"™ IK thiM iiinigKiiNRd, Iho wi-iclits of llic boiiiee idubI be invfrjclv 
' '"'"""'"I i.> llu-if .litLincL'. ffom llie cculrc of gravlly ^320). 
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J^ ''^^on cannot communicate 

^?\^^s "momenlumtooneof (hese 

*«M3 than lo the others be- 

^*i momentum is the mea- 

-"■"^ of force ; and B must move 

, ^ ' ^ie as fast as A to acqnire the , 

:\j.V^^ momentum : Therefore, 

^^^*^e the mutual attraction 

-<!y^V3 A through the distance 

^.^ ^, it wiU draw B twice as far 



-Vv^''*' '*i from 



'eiwo bodies will meet at their Fij. m 

^j^Otre of gravity. For the same reason, if any number of bbi 
^los composing a system at rest be left free to obey the lawf 
■^fgritvity, they will all meet at the same moment in th^ 
Common centre of gravity. Now, let A and B represent "jji 
planet and its satellite, revolving in their respective orbiW 
BEF and ADC. Here, nothing but their centrifu^ 
forces prevent the two bodies from being brought together a 
consequence of mutual attraction, and in order that they_ im^ 
remain at the same mean distance from each other, it ia ol^ 
viously necessary that these cenlrifiigal forces should be equlf 
and opposite. But the centrifugal force is merely the resiiff 
of the struggle by which a body compelled to move in ff 
curve endeavors to fly off in a tangent to that curve, and henc9 
it must be exactly proportional to the moving force or mW* 
mentum of the body. But the momenta of A and B canii^ 
be equal and opposite, unless the bodies are in equilibrium-^ 
that is ; unless B multiplied by B G is equal to A multiplii'^ 
by A G (326). You perceive, then, that the law compelliii 
the various systems and sub-systems of the heavenly bodii 
to revolve around their several centres of gravity in oppo^ 
site directions ia fixed and immutable — and hence, if certaia* 
comets having a motion contrary to that of the greater 
in the solar constellation were to remain permanently 
that system, they would become causes of disturbance to otW 
bodies, and would probably terminate their career in the dt- 
slniction of their own independent esistence or that of thff 
planets themselves, ' 

3f>6 . As this law of equilibrium in all bodies revolving iifl 
a system is independent of the nature of the bond which' 
unites the several bodies at their proper respective distances, 
any body or combination of bodies, when made to revolve in 
any manner, will revolve relatively around the centre of gravi- 
ty the moment it is left free to do bo. Th™ ■, s^).6^e^^i5l.\l!ea:^ 
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explained (348, h)y and by this combined action, eachfiett 1^ 
may form for itself a centre of spontaneous revolution, i I 
some point D ; so that the extremities resting on the ^asi 1^ 
may be made to rise up instead of being driven downwaxdi^ 
the moment of the blow, and the fragments of the wood 
then fall harmlessly upon the table, leaving the gbfla 
uninjured. 

354. The Earth and Moon revolve around their jinpr 
centre of gravity, while, at the same time, that centre it»f 
revolves around the common centre of gravitjy^ of thae 
two bodies and the sun, towards which they gravitate. Hk 
same thing is true with regard to the sun and each of the 
other planets, with its satellites, if it have any : Therefore 
all the bodies composing the solar system are constantly 
describing as many series of modified cycloids, complicated 
and disturbed in a thousand ways by their mutual attractions, 
but capable of accurate calculation and dependent upon the 
same laws of gravitation and inertia that regulate the motion 
of the wood-chopper^s billet, or the system represented in 
Fig. 135. The heavens are crowded with monster suas 
and plantits of vast size, in comparison with which those of 
our own small constellation appear almost contemptible; yet 
all pursue their course in their gigantic orbits, bound by the 
same bonds and impelled by the same forces : thus you per- 
ceive how the humblest accidents of common life may illus- 
trate the grandest works of the creation, and you will be less 
surprised to hear that the fall of an apple induced the train 
of thought that led to the discovery of the harmony of the 
spheres, and almost warranted the bold expression of the 
poet : 

** Nature and nature^s laws lay bid in night ; 
God said ; * Let Newton be !* — and there was Light" 

355. All permanent systems of bodies united by the af- 
traction of gravitation must necessarily revolve in apposite 
directions around their centres of j^ravity, — Let A anJ B, 
Fig. 137, be two bodies at rest which attract each other by 
gravity ; and let the weight or mass of A be double that of B. 
Then B will be twice as far as A from the centre of gravity 
G.* Now, if they be free to move, these bodies will gravi- 
tate and come together somewhere. But their mutual at- 



* Because bodies or systems are equipoised in all attitudes only about 
their centres of gravity (322), and because when a system of two 
bodies is thus equipoised, the wciglits of the bodies must be inversely 
proportional to their distances from the centre of gravity (32G). 
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Son cannot communicate j 

^^iore mpraentumto one of these ,...•- --^ 

Viodies than to the other; be- /*' ^. 

Xtaae momentum is the mea- / ...-^-..^ \ 

<Uof force; and B must move ^^ ^^\ \ 

twice ais fast as A to acquire the f [ A^^fcL-ii_!_J_.^^B 
onv^. momentum : Therefore, ^i^^ ^T 

wlblle the mutual attraction \ \^ ./ / 

draws A through the distance ' \ » / 

A G, it will draw B twice as far \..^ ^^/ 

— that is; from B to G; and "*"•-: ^ 

the two bodies will meet at their ^*'* ^^' 

centre of gravity. For the same reason, if any number of bo- 
dies composing a system at rest be left free to obey the laws 
of gravity, they will all meet at the same moment in their 
common centre of gravity. Npw, let A and B represent a 
planet and its satellite, revolving in their respective orbits 
B E F and ADC. Here, nothing but their centrifugal 
forces prevent the two bodies from being brought together in 
consequence of mutual attraction, and in order that they may 
remain at the same mean distance from each other, it is ob- 
viously necessaiy that these centrifugal forces should be equal 
and opposite. But the centrifugal force is merely the result 
of the stru^le by which a body compelled to move in a 
curve endeavors to fly off in a tai^ent to that curve, and hence 
it must be exactly proportional to the moving force or mo- 
mentum of the body. But the momenta of A and B cannot 
be equal and opposite, unless the bodies are in equilibrium — 
that is ; unless B multiplied by B 6 is equal to A multiplied 
by A G (326). You perceive, then, that the law compelling 
the various systems and sub-systems of the heavenly bodies 
to revolve around their several centres of gravity in oppo- 
site directions is fixed and immutable — and hence, if certain 
comets having a motion contrary to that of the greater masses 
in the solar constellation were to remain permanently within 
that system, they would become causes of disturbance to other 
bodies, and would probably terminate their career in the de- 
struction of their own independent existence or that of the 
planets themselves. 

356. As this law of equilibrium in all bodies revolving in 
a system is independent of the nature of the bond which 
unites the several bodies at their proper respective distances, 
any body or combination of bodies, when made to revolve in 
any manner, will revolve relatively around the centre of gravi- 
ty the moment it is left free to do so. Thus *, svxs^eiA viifevrj 
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es:plained (348, fr), and by this combined actio^, each piece 
may form for itself a centre of spontaneous, revolution, at 
some point D ; so that the eictremities resting on the glasses 
may be made to rise up instead of being driven downward at 
the moment of the blow, and the fragments. of the wood 
then fall harmlessly upon the table, leaving the glaaes 
uninjured. 

3d4. The Earth and Moon revolve around their, proper 
centre of gravity, while, at the same time, that centre itjelf 
revolves around the common centre of gravitjr t>f these 
two bodi^ and the. sun, towards which they gravitate. The 
same thing is true with regard to the sun and each of the 
other planets, with its satellites, if it have any : Therefore 
all the bodies composing the solar system are constantly 
describing as many series of modified cycloids, complicated 
and disturbed in a thousand ways by their mutual attractions, 
but capable of accurate calculation and dependent upon the 
same laws of gravitation and inertia that regulate the motion 
of the wood-chopper^s billet, or the system represented in 
Fig. 135« The heavens are crowded with monster suns 
and planets of vast size, in comparison with which those of 
our own small constellation appear almost contemptible ] yot 
all pursue their course in their gigantic orbits, bound by the 
same bonds and impelled by the same forces : thus you per- 
ceive how the humblest accidents of- common life may illus- 
trate the grandest works of the creation, and you will be less 
surprised to hear that the fall of an apple induced the train 
of thought that led to the discovery of the harjnony of the 
spheres, and almost warranted the bold expression of the 
poet: 

** Nature and nature*s laws lay hid in night ; 
God said; • Let Newton be!* — and there was Light." 

355. All permanent systems of bodies united by the af^ 
traction (^.gravitation must necessarily revolve in opposite 
directions around their centres of ^avity, — Let A and B, 
Fig. 137, be two bodies at rest which attract each other by 
gravity ; and let the weight or mass of A be double that of B. 
Then B will be twice as far as A from the centre of gravity 
G.* Now, if they be free to move, these bodies will gravi- 
tate and come together somewhere. But their mutual at- 



* Because bodies or systems arc cquipk>ised in all attitudes only about 
their centres of gravity (322), and because when a system of two 
bodies is thus equipoised, the wciglits of the bodies must be inversely 
proportional to their distances from the centre of gravity (326). 
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Pction cannot communicate 

more momentum to one of these 

bodies than to the other; be- 
cause momentum is the mea- ,■'' 
aurp of force j and B must move / ^^' 
twice as fast as A to acquire the i ; a^H^ 
same, momentum : Therefore, ^tr 

while the mutual attraction \ \^ 
drawa A througti the distance \ 
A G, it will draw B twice as far 

— that is; from B to G; and "'-~: '' 

thetwobodieswillmeetatlheir * '^' 

centre of gravity. For Ihe same reason, if any number of bc^ 
dies composing a system at rest be left free to obey the law* 
of gravity, they will all meet at the same moment in their 
common centre of gravity. Now, let A and B represent a 
planet and its satellite, revolving in their respective orbiw 
B E F and ADC, Here, nothing but -their centrifugal 
forces prevent the two bodies from being brought ti^ether in' 
consequence of mutual attraction, and in order that they may 
remain at the same mean distance from each other, it is o!> 
viousiy necessary that these centrifu^ forces should be equal' 
and opposite. But the centrifugal force is merely the 
of the stri^gle by which a body compelled to move 
curve endeavors to Ry off in a tangent to that curve, and hence 
it must be exactly proportional to the moving force or mo- 
mentum of the body. But the momenta of A and B cannot 
be equal and opposite, unless the bodies are in equilibrium — ■ 
that IS ; unless B multiplied by B G is equal to A multiplied 
by A G (326). You perceive, then, that the law compelling 
the various systems and sub-systems of the heavenly bodies 
to revolve around their several centres of gravity in oppo-' 
site directions is fixed and immutable — and hence, if certain 
comets having a motion contrary to that of the greater masses 
in the solar constellation were to remain permanently withiij' 
that system, they would become causes of disturbance to other*" 
bodies, and would probably terminate their career in the de- 
sfruction of their own independent existence or that of the 
planets themselves. ' 

3f>6. As this law of equilibrium in all bodies revolving irt' 
a system is independent of the nature of the Irand which' 
unites the several bodies at their proper respective distances,", 
any body or combination of bodies, when made to revolve i^ 
any manner, will revolve relatively around the centre of gravi-^ 
ty the moment it is left free todoaO. TlWB', sae^^i^VesST 
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bar by means of a tightly twisted cord ^tached around iftf 
centre of gravity. Then suffer this apparatus to revolve by 
becoming untwisted. In this case the cord remains undi»- 
turbed, because the circular motion of the bar leaves the 
centre of gravity at rest. By the application of force to the 
bar, while turning, we may impel the centre of gravity in 
any direction at pleasure, causing it to describe circles or 
ellipses of various sizes or to vibrate like a penduliun ; but 
the relative motion of the bar around this centre will remain 
unchecked by all these efforts. 

357. If you suspend the bar from a point considerably re- 
moved from the centre of gravity, C, Fig. 

138, so that the extremity A may pre- I 

ponderate, and then repeat the former ex- I 

periment, the rod will not revolve around i 

the point of suspension D, though the ^^..„..l.^^. 
force which causes the revolution is ap- —:.....l..."j^ 
plied by the twisting cord at that point. ^\jw 

On the contrary, D will revolve in the ^^Jt 

circle D E, while each of the extremities ^^ 

of the bar will describe its approp^ate ^ 
circle, and the centre of gravity C will re- ^p*-—"*^-^ 
main as nearly at rest as the oblique action ^x. ^^ 

of the cord will allow it to do. , The pi^iseT 

action of the earth's gravity and the re- 
sistance of the cord compels the bar to preserve an oblique 
position, so that the several circles are found in different 
planes ; but if you make due allowance for this circumstance, 
and employ a cord so long that its direction shall never be ren- 
dered very oblique by the forces applied to the bar, you can 
test in many ways the truth of what has been said of the 
motions of the heavenly bodies by this simple little \x>n- 
triviance. 

358. When any part of a machine is intended to move by 
rotation,, the axis or pivot should pass, if possible, through 
the centre of gravity. If a grindstone, for instance, be thus 
balanced upon its axis, the centrifugal force when it is put 
in motion is exerted equally in all directions, and the friction 
on the axis is reduced as much as possible : but if the axis be 
placed in any other situation, the heavier portion of the stone 
having most momentum, tends constantly to fly off, and thus 
equally increases the friction and wearing of the opposite 
side of the axle. 

359. Of the Centre of Percusnon. — ^Before entering upon 
the auhject of the mechanical powers we must notice another 
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i^siT^]^^ ^ action relBuking from the manner in which bodies 
t|^_^^^^otion impinge upon others relatively at rest. It is called 
V^" Centre of percussion. If a long bar, or a heavy cane 
^^^^ised in the hand and then made to descend upon any 
^s^^ objept, the different parts of the weapon move with 
^^^rent degrees of velocity, and consequently momentum. 
J^ Jbe farther extremity of the bar strike the o^ect at which 
>^j^^ aimed, a considerable portion of the momentum of the 
j^^pon is suddenly checked ; but that portion of the matter 
^ motion which is between the hand and the point of colli- 
^on still struggles to move onward, and can only be arrested 
^y the resistance of the hand. If the bar be heavy and the 
^low vigorous, the weapon may be thus forced from the 
%ra8p. But if the end of the bar projects far beyond the 
object stnick, so that the point of collision is near the hand, 
the downward tendency of the nearer portion is reversed 
Vhile the more distant extremity endeavours to continue its 
course, causing the end held in the hand to fly up unless for- 
cibly prevented ; and if the weight of the bar be considerable, 
the consequent blow may be attended with serious conse- 
quences. Between these extremes there is a point at which 
the momenta of the opposite extremities balance each other, 
so that if the blow be received at this point, all the momen- 
tum of the weapon is suddenly destroyed, and the hand expe- 
riences no impression from any part of it. This point is the 
centre of percussion, 

360. If the farther extremity of a weapon of this character 
be made much heavier than that held in the hand, it is evi- 
dent that its momentum must be proportionally increased, 
and consequently the centre of percussion, where the oppo- 
site momenta balance each other, must be drawn much 
nearer that extremity. If the weapon be constructed with a 
light handle carrying a heavy weight, the centre will be 
found within the substance of the weight itself, and it may 
be used with perfect safety in pounding or striking ; for then, 
the whole momentum will be checked at every blow, and the 
hand will not be hurt. It is for this reason that hammers, 
axes, mauls, and all instruments for similar purposes, are 
provided with heavy heads and long, light handles. If a 
body be moving in a direction constantly parallel to itself, 
the centre of percussion s^ees with the centre of gravitv j 
but if it be vibrating like a pendulum, it agrees with the 
centre of oscillation. 

.S61. In machinery, it is often necessary to make one mass 
of matter impinge upon another with much force*. ^.xA\^>XNft 
14* 






162 aiMFLE lUCHUfBS. 

weight of the impinging body be not ao regulated jbs to 
the centre of percussion asree with the point of coHiiidi^M 
there will be great waste of power, with severe jarring 
a rapid wearing of the parts of the machine. 

OF THE MECIIANICAL POWERS AND SIMPLE MACHINES. 

362. The intention of man in the construction of 
chinery is either the production or the arrest of motion in 
terial substances ] and the means by which he accoroplishc 
this purpose is by opposing against the pressure, resistance, 
or impetus of the object on which he operates, some equal oi 
superior force acting in an opposite direction. In estimatii 
the effect of such contrivances there are always two things 
of paramount importance to be considered — Ist. The fore 
to be overcome, which may be properly termed the resisU 
ance ; and 2d. The force designed to overcome it, which.— ^ 
being the means by which our object is obtained, may 
termed the power, 

363. In almost all machines the direction in which the 
force is applied is changed by the intervention of the ma- 
chine : thus ', when it is desirable that a heavy body should 
be elevated on the outside of an edifice from the ground to 
the level of one of the upper floors of the building, while con- 
venience requires that the force should be 
applied by individuals standing on the pave- 
ment below, we may employ a simple rope 
thrown over a little wheel called a pulley^ 
A, Fig. 139, revolving upon a pivot at C, 
and permanently secured to a beam B, placed 
above the point to which the body is to be 
elevated. One extremity of this rope is at- 
tached to the body, the weight of which 
constitutes the resistance to be overcome, and 
the power, which in this case consists of hu- 
man force, is applied to the opposite extre- 
mity. In this contrivance it is evident that « ^ 
the pulley has no other effect than to change *' 
the^direction of the power applied by the workmen at one 
extremity of the rope so as to act in direct opposition to the 
resistance offered by the body at the other extremity. 

364. Many machines or portions of machines are contrived 
solely for the purpose of changing the direction of forces in 
order that they may be applied more conveniently. Of this 
class is the common scale-beam, which reverses the action of 
the weights placed in opposite scales, and eaablet each ta 
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iti antagonut in the upward direction, although ita 
'tendency is downward. We ihall presently see that it 
_ ^ ^nietimes conyenient even to employ machines that act 
^B ^^^ mechanical disadvantage, merely to gain a convenient 
^S^J^^ige in^ the direction of forces. But by far the greater 
'^^^^ber of such inventions are intended to enable a small 
' ^^I?^^*'"^ o^ power to overcome a greater amount of resistance, 
' *|^3^in other words, to obtain a mechanical advantage (322). 
• ^^^*> purpose always requires the aid of a bar, a wheel, a 
: ^*l«led rope, or some other contrivance of which various 
^Moof are moving in opposite directions at the same mo- 
ment, like the two arms of a balance, two opposite spokes of 
^ ooach-wheel, or the two ends of the rope in Fig. 1 39 ; but 
^ such change can be effected unless that part of the appa- 
ntUs by which it is accomplished is supported or fixed at 
some point round which it may turn or revolve : thus the 
balance requires the prop, called a fulcrum; the coach- 
wheel, its dxU; and the reverted rope or pulley, \i% pivot; 
which are called centres of action. 

365. You must not permit the term mechanical advantage 
to deceive you into the idea that it is possible by means of 
any machine to multiply momentum or moving force. This 
is utterly impossible; because momentum can neither be 
communicated nor destroyed except by some other momen- 
tum equal in degree. From this fact we derive a general 
law by which to determine the power or mechanical advai>- 
tage gained by means of any machine whatever, however 
complicated its structure, if we neglect the effect of friction. 
It is as follows : — In every machine^ the momentum cf the 
poiver i» exactly equal to the momentum of the rerittance, 

366. This law has been sufficiently illustrated already in 
the section on equilibrium : Thus, the balances represented 
in Figs. 129 and 130, preserve their equilibrium, because 
the momenta of A and B--the power and the resistance — are 
equal to each other, whether the levers be in motion or at 
rest : for, when at rest, their momenta are equal to nothing, 
and when in motion, they move with velocities inversely 
proportioned to their wei^t (326). 

367. The apparently various nature of the resistances to 
be overcome by machinery makes it difficult or impoMible 
to apply this law in certain cases, though its truth is univer- 
sal. Philosophy has not yet determined all questions relating 
to the nature of friction and cohesion; so that we cannot 
calculate the exact amount and nature of the momentum com- 
municated to a fluid when it is partially set in motiou bru 
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any force, oe that of the momeDta communicated to ttie mok 
cules of matter when it is broken or crushed by the destnu 
tion of its cohesion. Therefor^, if a machine be designc 
to act upon resistances of a character different from the 
produced by gravity, it is often necessary, when we wish 
arrive at certainty, to test its power by experiment, althoug h n 
the law just laid down assists us greatly in explaining 
applying the results of such experiments. 

368. It is sometimes convenient to refer to another 
which is a direct consequence of that iaid down in 
graph 365, even if it be not considered as the same law dif- 
ferently expressed. By reference to either of the balan< 
figured in the section on equilibrium, you will perceive 
once that if a power of ten pounds appiHed at one extremity, 
is made by means of such a machine to raise a weight 
overcome a resistance of twice ten pounds at the other ex- 
tremity, the power must move through two feet while th< 
resistance is moved through one foot. If the power be onl 
one-third as great as the resistance, it must be removed so 
fhmi the fulcrum or centre of action that it will pass through- 
three times the distance described by the resistance in th^ 
same space of time, &c. Now, as precisely this difference 
of velocity is necessary to make the momenta of the resist- 
ance and the weight equal to each other, and as this equality 
is the object accomplished in all mechanical contrivances 
(362), it follows that, in any machine, whatever may be its 
construction, when the power moves through twice or three 
times the distance described by the resistance, the quantity 
of power required to move the machine will be oidy one- 
half or -one-third as great as the resistance ; or, in other 
words, the mechanical advantage gained by the machine will 
be a doubling or tripling of the advantage. Hence : if, in any 
machine, you divide the velocity of the power by the velo- 
city of the resisting body, the dividend will represent the me- 
chanical advantage or efficiency of the machine. Therefore : 
In all mechanical contrivances^ what is gained in patoer is 
lost in time, and what is gained in time is lost in power. 

369. Thus; if a machine acted upon by a given power — 
say the force of one man — ^will lift a given weight — say ten 
pounds — through a given distance— say one foot — ^in a given 
time — say one second — it will require twice the power or the 
force of two men to raise the same weight through twice the 
distance in the same time — or to raise twice the weight through 
the same distance in the same time — or to raise the weight 
through the same distance in half the time. The body of a 
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t-^ , *ttachine, and so ia that of a horae. If the hody of 
fclj^ Sned nothing, it would require the same amount of 
' t^ ^*^ ^ '^arry a barrel of apples into the garret by taking the 
'*^\jgi ^I' one at a time, as to carry the whole barrel at once, 
j'V^^" lazy people who regard time as of little Talue and" 
■Xii [.^I'nate labour, are much given to practices resembling 
^H^i .''"'fir mode of doing business: They foi^et, however, 
*!j ,, "y the former methiS, the weight of the porter aa well 
^a^?y of an apple haa to be raised to the whole distance 
ti?*"ist gravity at every trip: thus the exertion is multiplied 
Jr\ ^ times, by the very process so often adopted by the 



e not instituted to 



ft*l'enof ease. The laws of Providence 
%oiir the idle. 

, 370. Let us now apply the principles just laid down to 
fee explanation of those simple machines which are com- 
monly called The Mtchaniciit Powers. Every compound 
*>iachine, however complex in appearance, may be analyzed 
^nd resolved into a combination of two simple machinei 
Called Ike lever and the inclined plane, each of which, how- 
ever, may be constructed on different models or plana with- 
out any essential difference of action. 

371. The common lever is simply an inflexible or tough 
bar, designed for raiwng weights or otherwise overcoming ro^' 
aistance by being placed across a fulcrum, which is made hi ! 
centre of action, while the weight to be raised or the tesisfJ 
ance to be 



applied at one part of 
the bar, and the power 
acts at another. The 
common scales and the 
common steel-yard are 
common levers, in 
which the resistance is 
the gravity of the body 
to be weighed, and the 
power is the gravity of 



the 



3 of 



matter, commonly call- 
ed iceigktB, which are 
suspended from the op- 
posite arm of the balance 
n levers. 




140 and 141 represent con>- 



372. A class of levers equally simple, though appa- 
rently more complex, consists of such machines as aie. 
inovided with a wheel having a barte\ oi bxXc '^iqjsv-o^ 
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through its centre, with jriTots ■! nch «lr«iii^, « 
which it ii wppcn^ed. The power ti nmlly f^ 
the circumforfnce of the wheel and the mirfum t 
circumrerencc of the axle ; thou^ the opponte iiii 
mi-nt i> often seen. A handle 'which acti like Ibe i 
of a wheel ii aometimea subftituted for the vbed I 
Alany names have been given to this clis of cwrtm 
but it it generally kno«-n by the title of TAe rketl mi 
It include! the iriitdtoM, the Aaft aitd jtitmm, Aeci 
and handtpike, &c. 

373. The /iu//ey, which haibeen already in putdn 
(363), constitute* a third clan of leven. PuUeyiiR 
fixe<i or moveable ; the former are employed Bimplj to 
the direction of force when applied by means ci c 
chains, but the latter are deugned to give a mi?cluiii 
vantage, by causing the power to move through a 
■pace in a given time than the resistance. FanuKi 
pies of the fixed pulley are seen in the little whe 
which the window cords pan in their route f 
frame to the weight! which balance it. Exampli 
moveable pulley will be ^ven hereafter. The wi 
metallic frame in which one or more polleys 
quently enclosed is termed a 
block. By means of blocks and 
pulleys the machinery of a ship 
or other vessel Is chiefly regu- 
lated. 

371. The nature and some of 
Ihe laws of the common inclined j 
plane have been explained in a 
previouB chapter (255), and no 
farther examples are necessary to 
give you an idea of its character, 

375. The screw is an inclined 
plane revolving round an axis, 
as represented in Fig. 142. The c Fii, la. 

central cylinder B C ia called the 
barrel, and the helix, or as it is often erroneously c 
spiral D, which ia seen encircling the barrel, is te 
thread of the screw. When the screw is apjdiei 
chincry, it is usually adapted to another and ai 
clincd plane, cut into the circumference of a hollow 
H, fig. 143, which fills up all the interval of the 
the ■crtiwproper A C. The term screw, howevi 
pliwl equally to the screw proper B, and to the 






in the cavity which causes it to 
e when turJied. One of these parts 
-. machine is very seldom employed 
twthout the other, except in com- 
L.,uacliines Involviog several diflercnt 
uiical powers. A screw, therefore, 
s common form, consists of two in- 
^^*^d planes reacting upon each other, one 
•t.'t^'^^tich being fixed, will not suUer the 
fc^****? Id move without either advancing '*"* 

^^Ireatiiig. 
■^Y^T **■ When convex metallic screws are employed to act 
P^T^*! wood) aa ill attaching planks together, they usually 
^-^^^ •*» the concave inclined plane or ihreatl for themselves by 
X^^^prt'ssion aa they advance. This compression increases 
^*'^tioa very greatly; but friction in this and many other 
^^^s is an advantage, because it prevents the pieces confined 
j^Si^ther from being easily separated by forces which tend to 
,^*ake the screw revolve and unwind itself. The wheels t * 
^^rriages are prevented from ruoniug off from the axle b_ 
*icans of screws, Ekch extremity of an axle is providej 
^^ith a convex screw, and upon this is fixed what is called 
^ a nut." This is a vtry short concave screw, filling ii' 
'lie interval of a few turns or revolutions of the coovt^ 
^Crew, and producing upon its thread sufficient friction * 
l^cevent the lateral pressure of the hub of the wheel fra 
binding it off from ita position. Nuts of this character a 
generally used whenever two pieces of machin _ 
<)uire<I to be bound together securely without preventing 
IheiTi from moving freely upon each other "' 
Very rarely employed as a means of 
applying force except when aided by 
the common, lever, as at A, Fig. 140, 
or by some other mechanical power. 
377. The common wedge is a dou- 
ble inclined plane composed of two 
similar planes united by theic bases, 
as represented in Fig. 144, where 
D C corresponds with the bases of 
the planes, and the lines A C and B C 
represent the declivities or inclined 
sides of the planes. Of course, then, ^'* 

the action of the wedge as a mechanical power is goveriM 
by all the laws that apply to the simple inclined plat' 
which latter is not unconmionly employed f 
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gunners in raising and directing cannon, &c« ; but by 
most common application of this machine is in splitting ti 
ber, and the manner of employing it for this purpose is see 
at E in the figure. 

378. Like the screw, this contrivance produces very 
friction, and on this account it can rarely be employed t 
advantage where the power applied is simple pressure o: 
any other constant force. Nor can the lever be often 
fully empbyed in driving the wedge. The wedge is usuall;^ 
driven by percussion or sudden blows effected by means o: 
hammers, mallets or mauls; and the effects thus produc 
cannot be compared with the effect of simple weight o: 
simple pressure, 'such as produces the equilibrium of 
upon levers and pulleys. The pressure of a ton might 
required to drive a nail — ^a kind of wedge — ^into a 
which it would quickly jienetrate under moderate bldwi 
finom a hammer< weighing only a few ounces.* 

379. Though there are in reality but two mechani 
powers, the various modifications of machinery for the e: 
ployment of these powers are so different in appearance am 
ordinary application that they are usually described as dis 
tinct classes of machines, and there is some convenience i 
following this custom. Let us then proceed to apply th 
principles with which you have been made acquaint 
to the explanation of the actions of the ^^six mechani 
powers" — The Lever, the Pulley, the Wheel and Axle, th 
Inclined Plane, the Screw, and the Wedge : but in so 
we leave out of view, as heretofore, the effects of frictioi 
and the weight of the machines, unless where these fore 
are made a matter of separate comment. 

380. Of the Lever, — ^The nature of the lever and the lawi^ 
which are applicable to the calculation of its efficiency have* 
been already explained. It will be remembered that the- 
only essential difference between the lever and the balance 








* ProsBure can only be measured by pressure, and momentum by 
momentum, just as a line can only be measured by lines, and a sur. 
face by surfaces : but the relation in point of quantity or efiect 
between one degree of pressure and another, may be compared with 
the similar relation between the quantity or efiect of one degree of 
momentum and another ; just as one line is to another line of twice its 
length, as one surface is to another surface of twice its extent It 
would be as absurd, then, to ask how much momentum would balance 
ten pounds of matter, as to ask how many lines will make up a given 
surface. Things which are essentially different in their nature cannot 
be compared, though their relative quantities may be. 
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IB^ iifit lie in any peculiarity of the machine itielf, but in 
C^E^^<ll«ture of the resistances which it is often required to 
^aiB^^^Come, and the character of the power employed in 
-V^^^ing it. The laws of the balance, whether straight or 
^fijP^, are equally applicable to this mechanical power. You 
^ IQ^U remember that the effect of any given weight, — and 
. ^^tefore any given amount of momentum — in turning or 
^ ^^^flleivouring to turn a straight balance or lever around the 
"^ ^fttre of action or fulcrum is always proportional to the dis- 
^fttce between the centre of action and the point at which 
- ^e force is made to act (326) ; and therefore, that the effects 
^ difie'rent weights or momenta may be expressed by multi- 
allying each by its respective distance from the centre of action ; 
. 961. This rule is not confined to balances or ordinary levers; 
JVy if a long curtain or hat pin be secured to a wall and a 
height be suspended from it at the distance of one inch from 
ibe wall, the tendency to break or loosen the pin will be just 
half as great as if the same weight were suspended at the 
distance of two inches from the wall ; because the true centre 
of action in this case is at the surface of the wall where the 
pin enters lU By this simple rule, you will be able to deter- 
mine the efficiency of any straight lever or combination of 
levers when the resistance and the power act in directions 
that are parallel to each other. 

382. Levers are divided into three different orders accord- 
ing to the arrangement of the power, the fulcrum, and the 
resistance. 

383. In the lever of the first order, as represented in Fig. 
145, the fulcrum F is placed between the resistance R and 
the power P. If, then, the direc- 
tion of the power applied by the 
hand at P and that of the resistance 
offered by the weight suspended 
from R be parallel to each other, 
this lever resembles in all respects 
the common steel-yard, and R mul- 
tiplied by F R is equal to P multi- 
plied by F P. Now, if F R be 
only one-fourth as long as F P, R rig. i45. 

will be four times as great as P. Hence; if you divide 
the long arm by the short arm of such a lever, you obtain 
the number of pounds of weight, or units of any other force 
which must be suspended upon the latter, in order to support 
one pound or one unit suspended upon the former ; and if 
you divide the long arm into the short arm you diaco^^tNi\saiaL 
15 
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ptrt of a pound weight or unit of fcnrce acting on the kng 
arm will balance one pound or one unit on the short am: 
that is, P : B : : F R : F P (235). 

384. In the lever of the second order, as re]»%8ented in 
Fig. 146, the fulcrum F is placed at or near one extremity of 
the lever, and the resistance R 
acts between the fulcrum and the 
power P. Here, then, the pow- 
er and the weight are both sup- 
ported by the same arm of the 
lever, and oppose each other by 
being made to act in parallel but 
opposite directions. But, in this, ^nt- 14S. 
as in the former case, the effect of the resistance in endea- 
vouring to turn the lever round the fulcrum will still be pro- 
portional to its force and its distance from the centre ci 
action, and so will that of the power. Hence Rx F R will 
stiU be equal to PxFP, andPiR: : F R : FP; juslasit 
is in levers of the first order.- 

385. Levers of the third order, as represented in Fig. 147, 
resemble in all respects those- of the second order, Uit the 
power and the resistance have 
changed places: that is; the 
power acts between the resist- 
ance and the fulcrum. In this 
case, it is evident that when the 
machine is in motion, the velo- 
city of the resistance must be 
greater than the velocity of the 
power by so much as it is more 
distant from the fulcrum : and as 
the momentum of the power is always equal to that of the re- 
sistance (365), it is necessary that the amount of the power 
should be made proportionally greater than that of the resist- 
ance : Thus ; if F P be only one-third Of the length of F R, 
it will require a power equal to the weight of three pounds 
at P to support one pound at R, and thus the machine acts 
at a mechanical disadvantage. But ^ill, the same relations 
exist in this as in the former orders ; for P X F P is equal 
to Rx F R, and P : R : : F R : F P. 

386. It is interesting:, on many accounts, to consider the 
effect of levers of the different orders in producing pressure 
upon their fulcrum. In those of the first order, the fulcrum 
evidently supports both the power and the resistance^ and no 
Jnore : the pressure upon it is therefore equal to the sum of iht 
power and the resistance* In those of the second order it is 
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illy obvious that all the resistance that is not supporti 

the power is supported by the fulcrum; Bjid therefore, 
'Ve subG'act the amount of the power from that of the n 
mce, the remainder will be the pressure on the fulcrum. 
As in lev^era of the third order the power and resistance 
change places, the latter must be aubtracted from the former 
to obtain the pressure on the fulcrum ; for it is evideut that 
the power ia this case sustains both the pressure and the retist- 
ance. Therefore, in both these orders of lever, Ike pressure 
on the fulcrvm is equal to the difference between ike potrer 
and the renslance. 

387. If, in Fig. Ii5, we regard the little rope by means 
of which the weight is attached, as the fulcrum, and the pres- 
sure at F as the resistance, the lever will be converted from 
one of the first order into one of the second order. So, also, 
if a fulcrum be placed over R, Fig. 146, and F be a body 
which we wish to crush, the latter will be converted into 
the resistance to be overcome and the lever passes from the 
icond into the first order. In neither of these cases are the 

ilations between the power, the resistance and the fiilcral 
mre in any degree changed by the changes of their names 
and purpose. The differences between the several orders of 
levers are therefore rather apparent than real, and the same 
laws and modes of calculation are equally applicable to all 
of them. 

3SS. In machinery, we often see a number of levers em- 
ployed to act upon each other in such a manner as very 
greatly to multiply the power. Fig. 1+8 represents a sys- 
tem of this kiod. The power is applied in the form of a 
weight at A ; acting upon the lever of the first order A B, 
which has its fulcrum at F'. This lever acts upon a second 
D C, which reverts the direction of the force applied at A, 
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Bid therefore requires a fulcrum on its upper side at G. 

lets upoQ a third lever D E, which again reverts the direo 

^fion of the force, and has its fulcrum at F. In this system 

e renstatice of the first lever becomes the power acting on 

mthoMt the aMiM. The w1i^««l 
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oif the power to the resistance upon either of the levers is 
easily calculated upon the principles already laid down, but 
the most expeditious method of calculating the mechanical 
effect of the entire series is this : 
Multiply together the several fulcral distances at which the 
power acts on the different levers, and divide the result by 
the product of all the ftilcral distances at which the reasl- 
ance acts ; then divide the former product hythe latter, and 
the quotient will represent the projwrtion- between the re- 
sistance and the power. Thus 5 let E F, Fig. 148, be 1 
inch in length ; D G 1.5 inches ; and B F 1 mch ; these 
being the arms of the several levers on which the resist- 
ance is supposed to act; and let F D^ G C and F' A be 
each 5 inches in length ; these being the arms on which the 
power it supposed to act. Then 5 x 5 X 5.= 125 represents 
the efiect of the power on all the levers collectively, and 
1x1. 5x1 = 1. 5 represents the similar effect of the resist- 
ance upon all the levers. Thwefore ^*^=83i will ex- 
pren the relation between the power applied at A, and the 
resistance that it will compensate at E : and one pound at 
A will balance 83^ pounds at £. This rule applies to all 
- all straight levers when the power and resistance both act 
at right angles with the levers, whatever may be their 
order. 

389. Hitherto we have treated chiefly of straight levers; 
but many of those most constantly employed, such as the 
claw-hammer and the crow-bar, are angular or bent. In 
these, also, if the power and resistance act at right angles 
with the corresponding arms of a lever, the rule given in 
paragraph 388 is strictly applicable, though not always con- 
venient. Levers of this character are often tised in raising 
weights, after the manner of balances, and the mode of their 
action under such circumstances is seen in Fig. 130, 
page 14-8. 

390. Whenever the power and resistance act upon a 
bent lever in directions parallel to each other, instead of 
measuring the distances of the power and resistance from the 
fulcrum of the lever, we should measure their distances from 
a line drawn through the fulcrum and parallel to the direc- 
tion in which the forces act : Thus ; if A C B, Fig. 149 be 
a curved lever, such as is often used in ringing a dining or 
drawing-room bell, B L will represent the direction of the 
resistance and A K that of the power applied by the hand. 
In this case, it would not do to multiplv tne power and the 
resistance by the lengths of their respective arms of the lever j 



^^^^^^^ THE LBVER, 

:^^^*-^«e might be made of various lengths by changing tlnfrv 
|^r*^ature without altering in any b i " 

i^^icee the efficiency of the ma- k ; -^; 

^T^*He. Through the fulcrum C ' y^^ ! 

^r^-W the line D E parallel to the jY \ ' 

^^^ction of the power and resist- fJ > 

rtV^^. From A draw A G perpen- li \ ^ 

:^^Ukr to D E, and from B draw p^_J.L 1 1 

■^^J" also perpendicular to D E. " r^^ "'* 1 

v»5*Pn, on this lever, the power : ; Jj I 

r5>e resistance ; : F B : A G. To ^ hS^^ ^. J 

Strove this, we have only to draw "„, ,■ -' I 

"^tle line H I perpendicular to D E '" ^*^' « J 

^d passing through the centre of action C. By so doing W^ 
^mplete the parallelograms H E and F I. H C will then be 
*qual and parallel to A G and I C to B F. Now, if H I 
>ere a straight lever of the first order, it is evident that the 
Jower would have exactly the same effect in turning H I 
around the point C, as it has to turn A C B around the rame 
point ; for, if the supposed arm H C and the real arm A C 
were firmly joiaed together as one piece of metal, there could 
OOt be any difference between the effect produced by pulling 
'" ' arm towards K by means of a wire attached to the cor- 
H, and that produced by pushing it towards the same 
lint with the same degree of force applied directly by the 
pressure of the hand at the corner A. For the same reason, 
the effect of the resistance acting at B is the same as that 
which would be produced by applying it to the supposed 
straight lever at I. Therefore the power : the reBistance : : 
I C : H C. But as I C is equal to B F and H C to 
A G, it follows that the power is to the resistance as B F is 
to A G, or as the distance of the resistance is to the distance 
of the power measured from a line drawn through the centre 
of action and parallel to the direction of the forces. 

391 . But the forces which act upon levers are not always 
parallel. Let A C B, Fig. 150, represent a lever. Let the 
power P (changed in its direction by a fixed pulley at D) act ia 
the direction A D, and the resistance R, (nmilarly influenced 
by a fixed pullej; at E,) in the direction B E. The simplest 
mode of discovering the relation of the power to the resistance 
under these circumstances is to produce the lines D A and 
E B, and to draw from the fulcrum the lines C F and C G 
respectively perpendicular lo D A and E B thus produced. 
If F C G were a bent lever, and the power were acting at 
F, its whole force would talce effect in turning ttie Mm"? C, 
15* 
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because its action WDttld be perpendicular to Quit ami) vd 
for the same reason the whole re- 
sistance would take effect in 
turning the arm G C, if it were 
apldied at 6. As in all ma- 
chines . the momentum of the 
power is equal to the momentum 
of the resistance (365), and the 
velocity of each force is propor- 
tional to its distance from the 
centre of action, it is evident 
that the power multiplied by F C 
is equal to the resistance mul- 
tiplied by 6 C, and there- 
fore, — ^the power : the resistance 
:: C G : CF. If C G be 7 
inches and C F 15 inches long, 
then a force of seven pounds 
at P would balance 15 pounds 
atR. 

392. If the power were . made to act in the direction 

instead of A D, it would be unnecessaiy to {»roduce the ^^ 

of direction of the force ; for C H being drawn perpendicul^^?. 
to A I, the power would be to the resistance as C G to C l^^' 
and if the power acted in the direction A K, the force beir^^® 
no longer applied obliquely, the perpendicular drawn froi 
C to the line of direction of the power would correspond wit:^ 
the arm C A, and we should have the following proportion 
the power : the resistance : : C G : C A. Again ; the pri 
ciple involved in this mode of calculating is not confined t^ 
straight levers, but applies to all the forms and all the ordei^^ 
of this mechanical power without exception. Thus you wi 
at once perceive that in the 
strongly curved lever repre- 
sented in Fig. 151, where 
the letters 'have the same re- 
ference as in the last figure, 
the same proportion still 
holds good : that is ; P, the 
power : R, the resistance : : 
C G : C F. After the va- 
rious examples that have 
now been given, you are pre- 
pared to understand the fol- 
lowing universal rule, which will enable you to estimate the 
e£Sciency of any lever whatever, andxuidei ^ c\tc>ax»Eic«sk£j^ 
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THE LEVER- 

P3. In every lever, the power ia to the resistxDce a 
pmdicular line drawn from the fulcrum to the line of di 
*oii of the reBJEtance is to a perpendicular line dra 
*^the fulcrum to the line of direction of the power. 
■X;^^^4. This law is applicable to the thousand little machi 
r^ t>lojed in the business of life, and we will mention a fell 
X^^^^^ples, in order to awaken a habit of attention to nicl 
:i-^^-iP^'^^' Wieii 3 weight is carried up a stairway or ai^l 
:i^^^r declivity, the person who marches in rear of the bodytl f 
i^^^*'a more than his share of the weight, and if it be carrie " 
X^ ^?''' *ny descent, the person who marches in front is sira 
^V^ly oppressed. When a carriage descends a hiU, mn 
^^^fi half the weight falls upon the fore wheels ; but whe 
"L Is drawn up hill, more than ^ 

•^^If the weight presses upon 
^e hind wheels. Let A B, 
^ig. 152, represent a hand- 
^^rrow upon whicli is placed 
^ heary cubic box of which 
•^lie centre of gravity is at G; 
^d let C, the middle of the 
.length of the barrow, be per- 
"'■Bndicularly under this cen- 
e of gravity when the bar- 
_ .iw stands on level ground, 
T? it be raised by two persons 
of equal stature standing on the same level, the bearers will 
share the weight of the box equally between them ; because, 
if we regard C as the fulcrum (3S7), the weight pressing on 
B is to the weight pressing on A, as A C is to B C ; and A C 
is pqual to B C, therefore the pressures are equal. Bui if 
the barrow be carried up a steep flight of steps, aarepreaented 
in the figure, the pressure on the two bearers will be very 
unequal. Suppose the angular elevation of the steps to be 
45° ; the perpendicular dropped from the box would then 
fall upon the corner F of the box, and this would be the 
point of actiwi of the whole weight of the box. Here, if 
you choose, you may consider the barrow as a lever of the 
third order — having ils fulcrum at F. Then, as B A is to 
F A,soi3 the weight of the box to the pressure on B (329). 
But the universal law above laid down (393) would be 
equally applicable though less convenient, in this case, as you 
will perceive by drawing from F the line F I perpendicular 
to B I — the direction of the force at B — and the line F H 
perpendicular to A H — its direction at A. Then you will 
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*;^;. ^ raised, the centre of gravity G is made to approach 
fci^^^J^ to a pmnt directly over H, along the arc G H, of 
^^^^ J* the centre ia the middle point of the axle. Cons^ 
H^^*!^, the point immediately below G, upon which the 
^ ^^^nce acts, comes continually nearer to the middle of 
Ci^. ^^^le; and thus, the power of the lever is continually 
^ ^ased, until, when G comes to H, the distance between 
fc;^^**-ilcrura and the point on which the resistance acts be- 
i\^^s equal lo nothing, and the resiatance multiplied by its 
t ^^^ distance ia therefore equal to nothing. — The power 
V^ •^«»; lever ia then infinitely great, and the force re- 
t^^^^d to sustain the resistance vanishes entirely. Thus 
V^ iTiachine again becomes a steel-yard in equilibrium and 
^*'*"& porter has nothing to do but to push the machine for- 
VVf^^' The exhausting labour expended unneceEsarily in 
y^_*vng a large portion of the load in the common wheel- 
"^T^^row under circumstances in which the principle of the 
^i]^Ker's cart is equally applicable, may be regarded as a di»- 
^^J^e to our age of improvement, and an immense tax upon 



"^^^e public 

308. The principles laid down in several of tlie last para- 
graphs are equally applicable to all vehicles running upon 
^Wo wheels, and will explain tO' you why horses attached to 
Tour wheeled coaches so rarely stumble in going down hill, 
Vfiile this accident happens so frequently to those attached 
to vehicles of the other class. When a single shafl-borse is 
aided in drawing by a very strong team, he may move with 
ease on level ground before a cart so heavily loaded that 
its weight would crush him to the groimd if placed on a rapid 
descent ; and under such circumstances, if the cart be drawn 
up hiU, the shaft horse may be lifted bodily from the ground 
and overturned tc^ether with the vehicle. For this reason, 
■when enormous weights, such as large blocks of stone, are 
conveyed upon any machine running upon only two wheels, 
they are suspended beneath the axle and left in great degree 
free to take the position determined by their gravity. 

399. The principle of the lever may also be applied in 
determining the degree of stability of any object upon its 
base under the action of any force or combination of forces ; 
and although this rule is not always convenient, its applies^ 
bility is universal. In the four sections of bodies of divers 
forms. Figs. 154', 155, 156 and 157, the most important 
letters have the same signification. It is proposed to show 
the appticalion of the law laid down in paragraph 393, to 
the eflect of varioua forceB, applied in different directiopi ^ 
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Fig. 154. 



Fiff. 155. 



Fig. 158. 



Fiffi U7. 



and acting at different points, for the purpose of overturO^ 
ing the bodies. The centre of gravity is taken as the poi^ 
of action of the whole mass of the body in all these caae^ ' 
In each figure PA represents the direction of the powe"*^ 
applied; G is the centre of gravity of the body ; G R is th. ^ 
direction of the resistance offered by the weight of the bod]^'"^' 
and F is the fulcrum or point round which the body is t -^^ 
be overturned. As P is the point from which the power- ^ 
acts, P F may be regarded as the corresponding arm of ^^^ 
lever; and as G is the point at which the resistance ( 
G F is the corresponding arm of the lever. Now ; if 
draw lines from the fulcrum F, perpendicular to the lines 
direction in which the power and resistance act— -producii 
them, if necessary, for this purpose — these lines will be i 
ciprocally proportional to the power and resistance (393] 



These perpendiculars are designated in all the figures ezcep^^ 
Fig. 1 54, hy the dotted lines marked P F or P' F for tt -* 
power, and R F or R'F for the resistance. In Fig. 15A^^ 
which is the section of a cube or rhomb, you ascertain, b_ 
the application of the universal law of the lever, that as th^ 
power is to the resistance, sois F R to F P, because P F an^ 
G F are evidently the two arms of a bent lever. For the same 
reason, in Fig. 155, which is a section of a triangular prism, 
as the power is to the resistance, so b F R to F P'. In Fig. 
156, which is the section of an irregular trapezium, the same 
proportion holds good, but the direction of the power, P A 
must be produced in order to obtain the value or dimenaioitt 
of FP' which is proportional to the resistance. In Fig. 157, 
which is a section of a rude rock standing on a narrow base, 
the proportion is synilarly expressed. 

400. In the common coach-wheel, when overcoming an 
obstacle on the road, as represented in Fig. 158, let F be the 
prcjecting corner of a stone, opposing the motion of the 
wheel, as drawn forward by the power acting in the direction ' 
6P# Here we have a lever GF^on which the resistance or I 




^?S;lit of the carriage, and the 
■^.^^^r or force of the horse are 
^^•lied at the same point G, at 
P^^ Same distance from the centre 
J ».,_^'^''"'i but in very different 
.— ^^^Ctiona: for the resistance acta 
5. ilE»endicularly in the direction 
fc_;^- FromF.drawFP-andFR', 
.^*t>endicular3 to G P and G R 
^^I*ectively. Then, by the uni- 
^/^^^l law of the lever, the 
^*^^Ve^ will be to the resistance 
^^ J" R is to F P'. 

401. When the perpendicular dropped from the centre o( 
^^vity, G, Fig. 159, falls upon one extremity, F, of tW, 

^^se, the law of the lever is equally applicable. Suppose 4 
*^rce to be applied at A in the - — — 

direction PA; it Is evident, that, 
* *] this case, the effect of the pow- 
^r would be represented accord- 
ing to the universal law, by the 
lierpendicular line from P A to 
fr; but the effect of the resistance 
Cannot be represented at all ; for 
J", the fulcrum, is in the perpen- 
dicular line GF,and the dinance 

between this line and the centre of action ia nothing, Thf ra 
fore the resistance multiplied by this distance is nothing, aa 
the power required to balance the resistance is nothing,— 
the mechanical advantage gained by the lever is infinitel 
great, and a breath of air would overturn the rock. 

402. You perceive then that, in all cases, the nearer th^ 
line of action of the resistance approaches the fulcrum c 
centre of action of any lever, the greater will be the i 
chanical advantage and the less the distance described b 
the resistance. This property suggested the maehial B 
represented in Fig. 160, which is callSl the lever ofinfinitA- "k , 
power. It is now frequently employed with various modi- 
fications, in printing, copying and other presses, in affixing 
seals to documents, cutting nails, stamping dies, coining, and 
many other operations requiring the action of gr(?at forces. 

F G and G B represent- broad and massive plates of metal. 
F G is firmly secured by means of a strong pivot at F, to a 
beam of wood or metal forming part of a heavy frame, uyin. 
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This plate is also attached to its fellow by a similar jMt it 
Gy after the fashion of a door-hinge. At 3, the rod CDv 
secured to the plate 6 B by another strong hinge, and dn^ 
at C and D, through very strong cross bars of wood or mm 
attached to the fi^ame. When used for impressing stamps, 
the bottom of this rod, armed with a suitable die £, descends 
upon the substance to be impressed. To one of the broad 
moveable plates — -usually the- upper one — is attached a stout 
bent lever A, which, when raised, increases the acutenesi of 
the angle formed by the two plates at Gand raises the rod 
BCD; but when it is depressed, the anele becomes more 
obtuse and, at length, disappears when the two hinge-like 
plates are brought into the same straight line. Now, the sun- 
plest mode of proving that the mechanical advantage gained 
by this machine may ^ be regarded p 
as capable of infinite increase is, 
to consider the arm A together 
with the plate F G, to which it 
is attached, as a single bent lever 
with the power acting at A in 
the direction P H, and the resist- 
ance at G, in the direction G B. 
From the fulcrum F draw the 
lines F A and F B', perpendicu- 
lar to the lines of direction of the 
power and resistance respectively. 
Then, by the universal law of 
the lever, the resistance is to the 
power as F A is to F B'. But, 
when the arm A is depressed 
until G is brought into the same 
straight line with F and B, B' 
comes into that straight line sdso; and F B' will become 
equal to nothing. The resistance will then be to the power as 
F A is to O : or, no pmoer applied at A balances any possi- 
ble resistance at G ; and thus the mechanical advantage, or, 
as it is often called, the pvrchasey becomes infinite. Were 
it not for the friction of the joints, and the imperceptible 
distance through which the rod C D descends when the pwr- 
chase or mechanical advantage becomes enormous, there 
would be no limit to the effects which might be produced 
in time by the repeated action of this simple contrivance. 
In many of its modifications it is known by. the name of the 
engine of oblique action and the power is made to act upon 
it in various ways without the aid of the arm A. 




Fig. 160. 
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completed our remarks upon tbe straight 
nechanical powers, you will find very 
;omprehending the action of the other 
i our remarks upon them wiU be com- 




^ \_^' Having 
J.-, '^ent levers 
r^^ difficulty 
^n^lemachiiea 
^^ti-Fdy short. 

.^^^■*. Of the Pulhy.—The pulley is in reality 
^^»-. In the fixed puUey, Fig. 161, either 
j^*gVit,W or w, may be regarded as llie 
j^^^^er and the other as the resistance. Sup- 
^V?« the power to be ic, it is obviously ap- 
tS*"^ at P, while the resistance Vf acts at 
"j- The black line P R then represents a 
^^er of the first order, wilh its fulcrum 
^*' centre of action at C, which is equidis- 
^^iit from either extremity ; and hence this 
*evpr, like a scale-beam, merely changes 

*lie direction of the force applied, without 

Itroducing any mechanical advantage, 

the two weights W and w are therefore ^ 

equal. ^'^- '*'• 

403. Fig. 162, represents a fixed pulley secured to s 

beam at B, combined with a moveable pulley from which jg 

suspended the wejght or resistance R, The bent rope in the 

machine has one extremity perma- b c 

nenlly secured to the beam at C, and 

its free portion, after being doubled 

around the moveable pultey, re-aucends 

and passes over the fixed pulley. The 

force designed to overcome the resist- 
ance R, is usually applied at the free 

extremity of this rope, A. This force 

acts as the power ou the balance or 

lever of the first order P'R' at P', while 

that portion of the weight R which is 

supported by the portion of rope H' P, 

acts ss the reaistanci' on this lever at 

R'. But the pulley at B being fixed, 

the power and resistance acting upon 

il are always equal (4.04); hence, any 

force applied upon this machine at A 

must act in full vigor at R', and, con- 
sequently, at P. The effect of this 

machine upon the weight R, will 

therefore be the same, whether the 

power be applied in the downw^ 
16 
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directum any where betweeik A and P', or in the opnAfc l**^, 
rectioa any where between B and P. Rut rery diflinAii W^. ^ 
the effect af the tnoTeable ^lulley, Vrhich fontu Ihe tas Ue"^ 
P F. HerethepoweriiappbedatPandthe resistiDwlid wi' 
at the middle poiat of the lever, at only half the Hiaa Vv^ 
from the centre of action or fulcrum F : therefore thekia \p» 
P K is one of the second order, the power ii equal tgMUK yV 
the retlatonce, and a force of one pound atPoratAviUt^ I' 
ance two poiinda at Bj that ia; the machine doublu tk ] 
mechanical advantage. 

406. The fiict tlmt when the machine is put i: 
the fulcrum F also moves, does not affect this constant id» 
tion of the power to the redstance ; for F is a centre of le- 
volution to the wheel P F rolling along the road F C, i 
consequcnlly it advances with the same velocity and ptfr 
eervi's the same relative position with regard to the pcuntiP 
and t' ; but the matter at P is always moving with twice the 
velocity of the matter at R : that ia ; the velocity of the powct 
is twice as great as the velocity of the resistance. But bj 
the law of all rnacliines, the momenta of the power anl 
the resistance are always equal : Therefore, in this casf, Ibe 
power, as before stated (■105), is equal to half the resistance. 

407, The truth of the same rule may be simply proved bj 
considering that the whole resistance is equally supported 
on the two portions of cord which immediately support it, 
R' P and C F ; and hence but half 
the resistance ads upon R' P and re- 
quires to be overcome by the power 
acting on H' P or A P'. 

40S. The appiicafion of the princi- 
ples laid down in the preceding para- 
graphs sometimea confuse the student 
when called upon to estimate the ef- 
fects of (he jxjwer in complicated 
combinations of moveable pulleys. 
In Fij;. 163, though there are four 
moveable pulleys associated into a 
solid piece at A, the mechanical ad- 
vantage catmol Ik? doubled four times, 
— once for each moveable pulley — 
(■1.0r>) Ih'cuubc that would cause one 
pound at IT to balance sixteen pounds 
at W: whereas the whole resistance 
hi'lng supported by eight portions of 
'he cord, one-eighth of this resistance 
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'^»^^^«t upon the portion B (■107), and being 
* ^»^ changed in direction, withoat Bllei'ation 
*^\X^|}^unt, by passing over the loi^Mt fised 
'^t*_.^ D, it must act in the same maoni^r on C : 



^v„ 



^^t^^il^ "Jne pound at ir, will only balance eight 
*** >i«I^* ^' ^- ^''^^' ^^°' y" observe that if 
"fc^^^, elevated one inch, each of its eight sup- 
*X^j^ *^g cords will be shortened one inch, and 
^^^^^ ID will descend eight inches during the 
^f ^^ period of time : — Therefore the velocity 
>._ J-ne power ic is eight times as great as the 
^^^Btance, and, by the universai law of ma- 
''nery, the effect of the power is proved 
-^ before to be eight times as great as the 
T^aiitance (406). It matlera not whether the 
•'toveabi'? pulleys in such a system consist 
^f one piece of matter — as in Fig. 163-^or of 
separate wheels running on the same pivot — 
win the common ship's block — or of wheels 
mnnihg on separate pivots united in one 
block — as in Fig. 164: the same mode of 
calculation obviously applies in all these cases, 
and the shortest mode of estimating the effect 
is to muUiply the amount of the power by tirice 
the number of moveable pulliea, and the result 
icill he. the amount of resistance balanced, 

409. But when the moveable pulleys united 
in a system act independently ; that is ; when 
each pulley is provided with its own separate cord — as itt 
Fig. 165 — the rule in paragraph 408 becomes inapplicable ; 
because the resistance is not supported upon the different 
portions of the same cord. In this system, the power w, 
the fixed pulley A, the moveable pulley B and the cord 
W A B E, taken together, form exactly the apparatus repre- 
sented in Fig. 162. Therefore, the effect of the power is 
doubled by the pulley B, and acts as a new power upon C. 
This pulley, with its independent cord, again doubles it in the 
same manner ; — and D, and all subsequent members of such a 
series must produce a like doubling of the previous me- 
chanical advantage, in the manner already e.xplained in 
parKfraph 405. Again, if W ascend one inch, each portion 
of the cord passing round the pulley D will be shortened one 
inch ; consequently C will be permitted to ascend two inches. 
This will set free four inches of the cord passing round C, which 
will set free eight inches of the cord passing Qvet k,Kt& 
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V VI io d^Bceod through 
Therefore, according 
to cither of Iheae modes of reasoning 
one pound at tr will balance eight 
pounds Bt W. The moat ready rule for 
estimating the effect of systems of this 
character is to multiply the number 2 
into Xttelf as often at there are movea- 
ble pylUy* in the teriex, and multiply 
the prodvet by the amoimt ef power 
employed. The latt product will be 
the amount of resitlanee balanced. 

410. Here we quit the Gubject of 
the pulley, leaving you fully prepared 
to solve ail questions io which it is 
concerned, by a proper application of 
the laws governing the lever. 

411. O/the Wheel and Arte.— la 
the common lever, the power cannot 
be very conveniently applied, in most 
instances, at more than one spot at a 
time : and it cannot, , 
in any case, continue 
to act permanently at 
one point while the 
lever is in motion; 
for it must fallow the 
arm to which it is ap~ 
plied, and, in order to 
produce the greatest 
effect, the power and 
resistance must act 
in parallel directions. 
These inconveniences 
probably led to the 
contrivance of the 
wheel andaxle, which 
combines all the ad- 
vantages of the fixed 
pulley with those of 
the lever, and also enables the power to act at a multitude 

I of places at the same moment and at the same mechanical 

I '^vantage. Thus, in Fig. 1 66, if a man, standing by the ride 

of the machine towards B, were to pull at the peg E, while 

■nolher man at the side of the machine towards D, were to 
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c:^?;^! at the peg F, there would be two nearly equal forces 



t^^. 



'V»ld not be as readily effected by means of s 



_ - _^ on be continued for more than a short 

**ne by such means. 

412. To show that the action of the wheel and axle ia 
^gulated by the universal law of the lever, it is only 
**ecea8ary to look at such a machine in the direction of the 
*xle, as in Fig. 167. Suppose a straight line to be drawn 
&om C through A to Bj A being 
the centre of the axle, R the re- 
sistance, applied to the asle at B, 
and P the power, applied to the 
wheel at C. Then C A B is really 
a lever of the first order, of whidi 
A ia the fulcrum, A B the short 
arm, and A C the long arm. There- 
fore RxA B = PxA C : and E : 
P : : A C : A B. But from this 
proportion we can obtain still more 
convenient modes of expressing the 
relation between the power and re- 
sistance. You perceive that A C 
is the radius or one-half the diame- 
ter of the wheel, and A B is the 
radius or one-half the diameter of the axle : and you will 
also remember that the circumferences of different circles 
are in the same proportion to each other as their diameters 
or their radii ; Therefore R : P : : the diametir of the 
■wheel : the diameter of the axle — or R : P ; : the circum- 
ference of the wheel ; the circumference of the axle. Here, 
then, it is plain that if you know either the radii, the cir- 
cumference, or the diameter of the wheel and the axle, you 
can calculate the efficiency of the machine by simple 
division. 

+13. In the foregoir^ remarks we have spoken as if the 
power and the resistance were acting in the same plane ; 
which is not the case in the wheel and asle ; for the axle is 
usually of considerable length. But it is evident (hat the 
effect of any force in tominp an axle depends not on the 
part of the surface upon which it acts, but on its distance 
from the middle line of the axle or the axis of revohition, 
in which the centres of action of all forces ayiplied to the 
machine must be found, however distant their points of action 
may be. Therefore, in applying the law of the Ictct \a khIc- 
, IB* 
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culations involving the wheel and axle, the diflUnce of ei4 
forc#? from its own centre of action in the axis of revotafia 
must be taken separately in all statements of pToportio& be- 
tween opposing forces. This should be particularly renwfr 
bored, for more than one wheel is often employed mvHa^ 
upon a single axlo, and several common levers are fireqiiesifly 
used in the place of the wheel, the different forces ma%t 
various distances from the axis ; as in the ship's caprtsn. 

414. The wheel and axle, like the lever, is capable of 
being indefinitely increased in power, although fiie oft- 
trivance made for this purpose can seldom be conveniently 
appli(.>d. It is seen in Fig. 168. A designates the vbed 
seen edgewise. The axle 
is not of equal diameter 
tliroughout, as in the case 
of the common wheel and 
axle ; but a portion of it, B, 
is of larger dimensions than 
the remaining portion, C. 
The rope by in pans of which 
the rf»sistance is overcome is 
wound upon the narrower 
portion of the axle, from its 
farther extremity towards 
the wheel. Near the junc- 
tion of C with B, the rope 
descends, passes around a 
moveable pulley, D, and 
returning to the larger por- 
tion of the axle, is secured to 

it firmly, close to its junction with the wheel. The weight 
or other resistance to be raised, R, is applied to the pilr 
ley at D. Now, when this machine is put in motion, 
the rope is wound upon the larger portion of the axle, 
while it is wound off from the smaller portion. B therefore 
is constantly taking up more rope in' order to raise R, while 
C gives off rope, as if in order to lower R. It is plain, then, 
that R can only be lifted by the difference between the 
quantity of rope given off and the quantity taken up; and 
this difference diminishes as C is msude to approach in size 
niorc^ nearly to B, and disappears entirely when the two 
partN of the axle become equal. Suppose, then, that the cir- 
«uinrerenc(» of A is twenty inches, that of B four inches, and 
that oi' thnMi inches. Under these circumstances, every 
*"*■ Volution of the wheel A winds up four inches of rope at B, 
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tinwinds three inches at G ; the loop C D B is therefore 
K\.ened one inch at each revoliilipn.. . But one-half of this 
•1^ is taken from the length of C D, and the other half from 
^ of B P ; so that the moveable pulley D, and with it the 
distance or weight R,' rises but half an inch at each re- 
^ution of A. Now the power P moves twenty inches at 
"Ch revolution of A* That is] the velocity of the power is 
^y times as great as that of the. resistance, and uierefore 
X40=Rx I, or 1 pound at R will sustain 40 poimdsat D. 
r the difference between the circumferences of B and G were 
tade one-hundredth part of an inch, 1 pound at A would 
iBtain 4000 pounds at G, and the weight of an ordinary maa 
r 150 pounds acting upon such a machine, were it made ca- 
Bhle of bearing such enormous pressure^ would balance nearly 
68 tons. 

415. All machinery composed of wheels furnishes us with 
samples of the combination of wheels and axles, and as each 
oember of such combination acts upon the principle of the le- 
er, it is easy to calculate the efficiency of the whole in the man- 
er already prescribed for a combination of levers (388). But 
; is usually more convenient to compare the distance through 
rhich the power travels in a given time with that through 
rhich the resistance must move in the same period of time ; 
)r, under all circumstances, the former divided by the latter 
ives the mechanical advantage or disadvantage under which 
nrces act through the medium of the machine (368). 

416. There are two princijNd modes of connecting dif- 
?rent wheels and axles together, so that they may act as a 
i^stem; 6rstly, by means 

f bands, aprons, or cords; 
r secondly, by cogs or 
nobs cut on the circum- 
?rence of. one wheel or 
xle and made to fit into 
orresponding notches in 
le circumference of ano- 
ler wheel or axle. 

417. When such ma- 
hines are associated by 
ands, aprons, or cords ', as 
iFig. 169,A,B; the ae- 
on of one part of the 
lachine may be carried ^'*' *®'^' 
3 a power uncharged to 

ny convenient distance. Thus, if A be (ifly feel iaoxa. "^^ 
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u long as the band or sjpron continues slightly streU 
both wheels, B must follow all the motiona coauDun 

A, and will move in the same direction \(itlithe« 
city. If the circumference of B be only one-fomth 
a/ the former will revolve four times, while the 
revolv»«8 once, and if another wheel or roller 9» ^ ^Jf 
sizi' with A, be attached to the same axle with B,m 
cumference of this wheel must move four timei n ■ 
that of A. Therefore a resistance of one pound it Ci 
balance a power of four pounds at A ; and thii Ibcb^ 
amount of resistance which the same pound ¥i*ouWbiWt 

B, b(*cause the circumference of B is just oae-fiwrth I 
of A. Therefore the band exerts the same power lU^ 
at B, and the power remains unchanged by being ^i*^'^ 
from one wht»el and axle to another, as when tia** 
from one lever to another. It is only the relation W* 
the wheels connected tc^ther by the same axle,aiAin 
arc all compelled to revolve in the same time, whetiwij 
circumferi*nce be great or small, that has any effed i 
crea-sing or diminishing the mechanical advantage o 
ciency of the machine. If it be desirable to revet 
motion when transmitted from one wheel and axle toai 
the band or cord must be crossed in the manner repr 
in the coupling of £ and D, Fig. 169. 

'1<18. When wheels arc associated by means of a 
|K)\vvr is transmitted unchanged in. the same manner^ 
motion is almost always reversed, p 
In Fig. 170, the weight R may , 
be raised by turning the handle P, 
in tlie same direction that the rope 
is wound on the axle Gj but the 
direction of motion is twice rer 
versed, in order to transmit the 
force applied to the rope that sus- 
pends the weight. Near the op- 
posite extremity of the axle A B, 
or, as it is usuallv called in small ma- 
cnmes, the arhovr — there is a small 
enlargement, C, formed by a set of 
cogs projecting from the arbour, designed to fit and pi 
the intervals of similar cogs upon the margin of the w 
Such projections from an arbour are called pinions. It 
dent, here, that if P be compelled to revolve in either di 
•1^ will be made to revolve in the opposite directio] 
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\f of D is provided at E with a pinion in all respecta 
.« — taiCy which puts in motion another wheel F. The 
J*^^*^ of this wheel and its«xle is therefore again reversed, 
***• — if are compelled to revolve in the same direction 




^ ^-^^ In order to estimate the mechanical effect of such 
ination as that represented in Fig. 170, you must 
'(lie relative circumference, radius or diameter of each 
and the length of the crank, wince or handle. Aa 
.^-B of two wheels which act upon each other must fit 
•■^er with a certain degree of accuracy as they turn, it is 
^ <vv^^^ ^^ ^^^ number of cogs on each must be proportional 
^^j^^^^ir "respective circumferences. You can always obtain 
|^^<^*'^lative circumferences of two such wheels by counting 
^^ ^ogs on each, and dividing the one number by the other ; 
^^^]^hen you wish to compare the dimensions of two wheels 
^ *^lch are not "coupled" together, the relative number of 



^1 furnishes no sufficient guidance : for the cogs on wheels 
^■imilar circumference may differ widely in size, and con- 
^^ently in number^ Thus, if the pinion C carries eight 
^^ and the wheel D carries twenty-four, the circumference 
^ D must be three times that of C ; but if the pinion E car- 
ries eight cogs while D has twenty-four, this does not prove 
that D has three times the circumference of E ; for these 
Wheels are not coupled, and the sizes of their cogs may be 
varied to a great extent without any inconvenience. The 
radius, diameter, or circumference of uncoupled wheels must 
therefore be obtained from actual measurement. 

420. Let us now examine the relation between the power 
and resistance in this system of wheels and axles ; and, for 
this purpose we will suppose the distance of the handle P 
from its ai^s of revolution in A B to be three times the 
radius of the pinion C: — ^that the diameter of D is three 
times that of E, and that the circumference of F is three 
times that of the axle G. If, in this case, a force of one 
pound be applied directly to P, this force will balance a 
resistance of three pounds at C. This amount of resistance 
is transmitted unchanged to D, upon which it acts as a power, 
and is sufficient to balance nine pounds at E. This force of 
nine pounds is transmitted unchanged as a power, to F, where 
it will balance twenty-seven pounds suspended from G. This 
machine, then, throwing out of the calculation the effect of 
friction multiplies the power twenty-seven times. The 
neatest way to ascertain the effect of any such combination 
under the action of any given power is to apply t.\i^ xvAfc 
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used in combinations of levers (388). Thus, in the syrtefD 
under notice, if the distance of P from the axis of the arbovr, 
ABjXthe radius QfD,Xthe radius of F, be^taken as one 
quantity, and the radius of Gxthe radius of Ex the radius 
of C, as another quantity, the power will be to the resistance 
as the latter quantity is to the former. Any given resistance 
multiplied by the latter and divided by the. former will give 
the power necessary to balance that resistance, and any given 
power multiplied by the former -find divided by the latter 
will give the resistance which that power is capable c^ 
balancing. 

421. The actual velocity of the circumferences of wheels 
that are coupled together in machinery is necessarily the 
same ; thus C and D, Fig. 170, must move with equal actual 
velocities, but their angular velocities may be widely dif- 
ferent ; thus : suppose that C carries 8 cogs while D is armed 
with 24 cogs ; also, let £ have 8, and F sixteen cogs. The 
circumference of D will ^hen be three times that of C, and 
the circumference of F twice -that of E. It follows that 
when F and G make oae revolution, £ and D must make 
two, and C and P six revolutions. 'The actual velocity 
of the several parts of any machine is alone interested in 
modifying its effectiveness in overccnning resistances; but 
the angular velocity of a system of wheels and axles is mort 
beautifully employed for the measurement of time in those 
master-pieces of human ingenuity — the clock and the watch. 
The unvarying vibration of a pendulum or the equally regu- 
lar coil and recoil of a spiral spring is made to give motion 
to an escapement which sets free a single cog at each vibra- 
tion, and determines the rapidity of the most active wheel in 
these machines; and by regulating the relative number of 
different wheels coupled together within them, it is easy to 
retard their revolution toany desirable extent. 

422. Of the Inclined Plane. — ^The principles which go- 
vern the action of forces upon inclined planes have been 
very fuUy explained in previous sections (255), and it only 
remains for us to consider the most convenient mode of cal- 
culating their mechanical effects in a few of their more 
familiar applications. 

423. Let ABC, Fie. 171, represent an inclined plane 
resting upon the base A C ; and let R represent a resisting 
body, to be coimterpoised by a power P, the power and 
resistance being connected by a cord passing over a fixed 
pulley at D. The usual application of the simple inclined 
phne 18 gradually to elevate or lower bodies from one level 
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to another; by means oiforccB iDr 
fluffident to lift them when sub- 
jected to the full force of gravity : 
and the power and resistance usu- 
ally act in directions parallel to 
the oblique face of the plane, as ^*c- ^'^• 

they are made to do in the case represented in the figure, by 
means of the fixed pulley at D. There are many ways of 
ettimating the relation between the power and the resist- 
ance in this case; but the most convenient method is de- 
rivable jfrom the following consideration. The only cause 
of the disposition of the body R to move down the plane is 
the force of gravity, which acts upon the body with an en- 
ergy proportional to its weight, and in a direction perpen- 
dicular to its base. But it has been already shown (254) that 
if the whole force of gravity acting upon such a body be 
represented by the length of the plane, A B, the only portion 
of it which causes the body to tend down the plane will be 
represented by the perpendicular height of the plane, B C ; 
while the rest of the force of gravity, represented by the 
length of the base, A C, will be destroyed by the resistance 
of the plane; and this portion, acting in a direction at 
right angles with the surface of the plane, must also act at 
right angles with the direction of any force applied in the 
direction R D, and can have no effect in opposing such a 
force (220). Therefore the force required to equipoise R 
upon the plane A B, is to the whole force of gravity tending 
to urge R down the plane, (or in other words, to the weight 
of R) as C B, the height of the plane is to A B, its length, 
and R multiplied by B C is always equal to P multiplied by 
A B : and if A B be three times as long as B C, one pound 
at P will support three pounds at R. 

424. Some pupils are startled or confused by perceiving in 
this law of the inclined plane, the semblance of an exception 
to the general law of the equality of momentum between the 
power and the resistance in all machines ; for it is evident, 
on inspection, that P and R, Fig. 171, when in motion, must 
move with the same velocity under all circumstances, al- 
though the weight, and consequently the actual momentum 
of the latter, greatly exceeds that of the former. This dif- 
ficulty disappears when we consider that action and reaction 
are not only equal, but opposite, and hence, as P acts only in 
opposition to that portion of the weight of R, which is repre- 
sented by the height of the plane B C, while the whole weight 
is represented by the length of the plane A B ; if the whole 
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weight acts in a direction perpendicular to the base of the 
plane, parallel to B C, this last line may be assumed a« the 
direction in which the power and resistance really oppose 
e^h other. Now, in this direction^ the momenta of the 
power and resistance are equal, in accordance with the ^ 
neral law *, for if the length of the plane be equal to thnce 
its height, the power must move through three times the 
length of B C, while the resistance is elevated through once 
that distance, or it will advance through the distance B G in 
one-third the time that R will overcome gravity to the same 
distance. 

425. As the effects of all forces acting in similar direc- 
tions are governed by the same laws, any other forces acting, 
like gravity in the foregoing case, in directions perpendicukff 
to the bases of inclined planes, must be subject to the follow- 
ing rule : Multiply the resistance by the height of the planer 
and divide the product by the length of the plane^ and the 
result will be the power required to balance the resistance 
when applied in a direction parallel to the oblique surface 
of the plane ; or conversely, multiply the power by the 
length of the plane^ and divide the product by the height 
of the plane ; and the result will be the resistance balanced 
by the power when applied m a direction parallel to the 
oblique surface of the plane, 

426. If either the resistance or the power be applied in 
other directions than those already specified, their effects are 
readily determined by the resolution of forces ; and if the 
power act in a direction parallel to the base of the incliaed 
plane, instead of the direction R D, Fig. 171, this resolution 
will show that the power will be to the resistance as the 
height of the plane is to the length of its base. If, then, you 
substitute the word base for the word lengthy wherever the 
latter occurs in the foregoing rule (425), the rule will be ap- 
plicable to all cases in which power acts upon inclined planes 
m a direction parallel to the base, and resistance in a direc- 
tion perpendicular to the base. 

427. The inclined plane plays an important part in me- 
chanics, both in the arts, and m the phenomena of nature. 
We see examples of it in the grading of turnpikes and rail- 
roads, in the machines by which barrels and boxes are raised 
into wagons when too heavy to be lifted, in the regular de- 
clension of the bottoms of mill-races designed to deliver a cer- 
tain quantity of water to the mill in a given time, and to 
effect this purpose without rendering the current sufficiently 
rapid to injure the banks at any point. We see it also in the 
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tracks worn ia the soil or roct by which limber is trati»- 
tnitted from mountaia heights to neighbouring water courses, 
in the common stair-way of our reaidences, in the beds of 
rivers, and in the forms assumed by hills — of which the de- 
clivities are regulated by the power of the inclined plane, 
and the cohesion of the soil or rock of which they are com- 
p>o.ied ; so that the geologist can often determine many d^ 
tails of the interior structure of a country, merely by observ- 
ing (he general form of its mountains and valleys, 

428, Of /he Screv;, — The screw is obviously an inclined 
plane, winding around or within a cylinder, so as to form 
a helix, as you perceive, on examining Figs. 172 and 175. 
Its length should be measured ^ 

aloog the middle of the plane ; as 
it is evidently longer at the outer 
part of the thread or helis than 
along the aide next lo the axis, 
lis base must be calculated by 
measuring all turns which it 
makes around its axis, for if it 
could be unwound, it would Ibrm 
a simple inclined plane, with a 
base equal in length to the cir- 
cumference of the screw, mulli- 
plied by the number of turns 
made by Uie thread. Here, how- 
ever, as in estimating the length " "e- "a- 
of the screw, we must allow for the difference in the length 
of the base on the side nearest the axis, and its length on the 
more distant side, and for this purpose we should t^e the 
mean or avei'age between these two circumferences. 

429. The height of the inclined plane of the screw is ob- 
viously the length of that part of the cylinder which is em- 
braced hy the helix. Viewed in this manner, the rules laid 
down for calculating the mechanical effects of the inclined 
plane are equally applicable to screws; but the friction en- 
gendered by Ihls mechanical power, in most of its practical 
applications, is so great, uid varies so much with the nature 
of the materials of which it is formed, that its effect may be 
belter estimated in most cases by experiment than by theory. 

4.30. Power is usually applied to the screw by me; 
the lever, as at A, Fig. 172, or by cog-wheels, which con- 
vert the cylinder into a wheel and axle ; and almost invarisr 
biy, this power is made to act in a direction parallel to the 
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base of the helix. Sometimes many levers or vheelc are 
nude to act upon the sune screw at the eanse moment. "Hie 
efiect of the lever upon the Bcrew-i« easily eBtimated by cra>- 
aidering it as a lever of the second order, having its fulcrum 
in the axis of the cylinder B, Fig. 172, the resistance, being 
applied at a point inunediately above the middle of the 
width of the helix, and the power at the extremity A. The 
efiect of the wheel and axle, when the head of the Krew ii 
arnled with a c^-wbeel, may be estimated in the lanK 
manner. 

431. As screws are almost exiusively employed in ma- 
chines, for the purpose of making ^ ^ 
pressure in the direction of their axisj 
as in the common screw-press. Fig. 
173 ; the resistance, as generally, 
acts in the oppoule direction, or per- 
pendicular to the base of the helix 
(C B, Fig. 172) ; and the power being 
appUed in a direction pu^lel to the 
base, the effect of the screw" itself 
(viewed independently of the lever, 
and friction left out of the calcula- 
tion), may be estimated by the rules 
lud down in paragraph 426. 

432. In Fig, 174, you are presented with a view of the 
differential screw-press. In this machine two screws are 

. singularly combined, so as to be 
capable of almost indefinite in- ^ 
crease of power. The larger 
screw B, acts in the usual way 
upon the frame of the press, 
which requires no description ; 
but the cylinder, instead of be- 
in| solid, is made hollow to re- 
ceive another smaller screw A, 
in the nmnner represented in 
section at A, Fig. 175. When 
power is applied to the lever 
C D, the screw B advances as 
usual, but in so doing it embraces 
a continually increasing portion 
of A, the lower end of which advances only in proportion to 
the difference between the height of its own thread and that 
of the laige screw. The resistante is applied at the lower 
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extremity of A, and hence, the velocity of 
this resistance is proportional not lo the height 
of the thread of the larger or that of the 
smaller screw, but to the difference between 
these heights, which, being reducible to any 
desired degree, admits of almost unlimited 
ditninulioQ of the power required to balance 
any given resistance, by increasing its rela- 
tive velocity. p* its. 

433. Of Ike Wedge. — The usual form of the wedge u 
that of a solid with rectangular sides and base, and its endi 
presenting isosceles triangles. In this form it ia usually em- 
ployed in raising great weights pei^ 
pendicularly upwards, or in rending 
the fibres of wood or splitting brittle 
substances. In such cases it is ob- 
vious that if we regard the resistance 
as acting in a direction perpendicular 
to the common bases of the planes, 
A B, the laws of the common in- 
clined plane apply with equal force 
to the wedge; and if the resistance be 
applied at opposite points on the sur- 
face of the two planes, while the 
power is applied \a the direction D C, 
the former will be moved through 
the distance A B while the latter 

D C ; and hence ; by the law of the equality of momentum 
between the power and the resistance, the power will be 
to the resistance, as the width A B is to the length C D. But 
the resi-stance is usually applied at different, and often at many 
points on the opposite planes ; as in splitting wood (E). Here, 
any power actmg upon the base of the wedge will cause the 
inrfrument to revolve or lo endeavour to revolve around some 
centre of rotation determined by the many forces acting at 
once upon its sides, edge and base ; and hence the law of the 
lever beconiPB complicated with that of the wedge, in the 
calculation of its mechanical effects. 

434.. The nature and direction of the resistance to be over- 
come by the wedge vary very greatly, as do those of the 
forces applied to this machine for the purpose of producing 
mechanical effects; nor is there anything more positively 
fixed in the form of diSerent wedges. When these circum- 
stances are conddered in connexion with those mentioned 
in the last paragraph, you will not he surprised to hear that 
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actual experiment is generally almost the only test of tbe 
efiect of wedges, when the laws of the simple inclined planet 
are inapplicable to the case, and that few persons, except 
practised mathematicians, attempt to theorize ferther upon 
their action. 

COMBINED MAOHINEa 

435. Of changes in the direction of Force in Machinery. 

* — ^As convenience in conveying the power to the place 
where the resistance is to be overcome, and in causing it to 
act there in the right direction, is of the utmost importance 
in all complex machines, we will hastily elance at some of 
the more common modes of changing the direction of motion 
in machinery which have not yet been illustrated. 

436. Power may be transmitted in any direction by means 
of the very simple con- 
trivance represented in 
Fig. 177, where several 
wheels are bevelled at the 
angles required to con- 
vey the action along their 
different axles to the 
place where it should 
act. Thus, the band 
passing over the wheel 
A, — which may be sup- 
posed to pass through 
the floor of the apart- 
ment and receive its im- 
pulse from some distant source of motion — will cause the cog- 
wheel B to revolve. This will oblige C and D to turn in 
the same direction ; but it will transmit the power at an angle 
of about 4f5<^, D will react upon E; and here tbe motion 
being reversed, and D and E being placed at a right angle 
with each other, the power is conveyed along the axle of the 
latter to act in the same manner as if E and B had been di- 
rectly coupled, without the intervention of C and D. 

437. A very convenient mode of converting a vibratory 
into a circular movement, is rudely represented in Fig. 178. 
The beam or bar A B is suspended like a metronome (269), 
upon a pivot at C. It is loaded with a considerable wei<'ht 
at B. Human force, or that of machinery, may be employed 
to draw this great pendulum towards each side alternately, 
causing it to vibrate. F rejpresents a toothed wheel, the 
axle of which is fixed to the fr^une of the machine, in such a 
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manner as not to interfere with the vibrations of A B. Two 
ratchet-hooka, D and E, are suspended from rivets secured to 
the pendulum at equal 
distances above and be~ 
low its centre of motion 
C. The lower extremi- 
ties of these hooks are 
adapted to the teeth of 
the wheel Fj in such a 
manner that when B is 
drawn towards M, the 
hook E catches upon the 
precipitous side of one 
of the teeth of the wheel 
F, and compels this 
wheel to revolve from 
the left towards the 
right ; while, in the 
meantime, the hook D 
is raised and drawn ° " j^," ,S 

lightly over the inclined '' 

sides of the teeth, so as not to interrupt the motion. When 
B returns towards N', the hook D catches a tooth in a similar 
manner, and thrusts F still farther in the same direction, 
while E is raised and pushed over the inclined sides of the 
opposite teeth, to be ready to repeat its action on the wheel 
with the nest vibration of the pendulum. Thus the alter- 
nate motion of the pendulum is made to produce a constant 
circular motion of the wheel. 

4-38. If, in (he same figure, the hooka D and E and the 
wheel F be removed from the apparatus, and their place sup- 
plied by a lever or beam G H, suspended at the same point 
C, and there firmly connected with the pendulum A B, it is 
evident that the former must vibrate horizontally whenever 
the latter is made to vibrate in the upright position. Now, 
suppose that two shorter levers, G I and H I, are suspended 
from the extremities of G H, and that each of these is secured 
by ahinge-joint at I, tothe rod of a pump, K, L. Then, when- 
ever B is drawn alternately from side lo side, G and H must 
play up and down with an alternate circular motion, carry- 
ing with them the levers G I and H I, and the pump-rods 
attached to them ; thus working the pumps. In this case 
an alternate circular motion is converted into a rectilinear 
motion. Pumps upon this construction are advantageous 
under certain circumstances; for, by affixing two TCi'5e*\n *■ i 
17" ' 
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ring placed upon the extremity of the pendulum at B, any nmi^ 
6er of men may be employed in woriing them at tlie mat 
mechanical advantage. By making the weight of B very coor 
siderablc, the rolling or pitching of a vessel at sea maybe 
made to pump water from the bold without thesid of baiidi; 
but thta plan is found inconvenient in practice. You viB 
perceive by a glance at the fi^ire, that the moment the besm 
G H is moved from the honzontal position, the levers G I 
and H I must act obliquely upon the pump-rods, and hence 
will not possess the s^me purchase or mechanical advantage 
in moving ^lem. Thta difBculfy is diminished, but not re- 
moved by makiiv the levers longer, because their angle of 
obliquity will 1>e lessened. 
^ 439. The most common meaoH for converting a continued 
circular, into an alternate circular or rectilinear motion, ct 
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the reverse, is the crank. We will study its action upon 
some of the first members of the system of machinery called 
the iteam-engine. A, Fig. 179, represents the cylinder in sec- 
tion; GH the main-beam; HD the pitman, often called the 
connecting-rod ; E D the crank, and F the fly-wheel. Th<; 
cjUnder « a hollow vessel of rttonf; ircfnj provided with caps 
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or covers of the sanie material at each extremity, and coiar, 
pletely enclosed on all sides, except in a few places. Nm^ 
the top, a smaJl tube, a, penetrates it to admit steam when 
required, A aimilar tube, h, makes its entrance at or nea^, 
the bottom, to perform the same office. Within the cylindo^' 
is placed the piston B, a cylindrical body, formed of metallic 
plates and packing, designed to be pushed alternately from, 
one end of the cylinder to the other by the pressure of iivt, 
steam. To this is attached the piston-rod e, which passel^ 
through a circular canal in the thick cap of the cylinder d*. 
and fits it so closely as to be air-tight, when the little cup^ 
placed an the summit of the cap is iiUed with oil or greasni 
This rod is connected by a hinge-joint with one end of th^ 
main-beam G H, by means of a strong swinging lever G I';' 
these parts corresponding precisely in their action with thos^ 
designated by the same letters in Fig. 178. The pistoR 
and its, rod communicate motion to the whole engine in th^' 
following manner. When the engine is started, steam is ai^f 
mitted into the cylinder by means of one of the little pipef.j,, 
and let ua suppose the pipe a to be first selected for this pm^^, 
pose. The force of the steam drives the piston nearly to ihtk^ 
botlom'of Ihe cylinder, the air contained below being ex-| 
pelled by a pipe not seen in this figure. During this operaj^ 
tioD, the pipe b is closed by a. part of the machinery calle^f. 
a valve, the nature of which you will cojuprehend hereafter ij 
but the moraent the piston has descended to the proper ex- . 
tent, the pipe for the escape of air from the lower part of the 
cylinder, as well as the pipe a, is closed : then steam is ad- 
mitted below the piston, wbich drives it nearly to the top of 
the cylinder; the steam above the piston escaping, as the air 
escaped from below during the preceding stroke. B having 
reached its proper height, the upper escape-pipe and the 
lower admission-pipe ft are closed, while tie lower escape 
and the upper ad miss ion-pipe a are opened, to bring the pis- 
ton down again. The piston-rod e is thus forced up and 
down with an alternate rectilinear motion, compelling the 
lever G I to rise and fall with it. This lever hangs perpen- 
dicularly when G H ia horizontal, that is ; at the middle of 
each piston stroke ; but when the beam is thrust upward or 
drawn downward, as it must he at the end of each alternate 
stroke of the piston, the beam assumes an oblique position ; 
as represented by the dotted ^ure N ; and, consequently, 
the lever G I also assumes the oblique position N G, and acts 
at considerably less mechanical advantage. _ Here you see 
mate rectilinear motion of the piston converted 
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into an alternate circular motion both in the lerer and As 

beam. 

440. From the opposite end of the beam^ H, the ibong 
connection-rod or ]Mtman hangs suspended upon a pirol, 
allowing it to swing freely. The lower extremihr oi tin 
rod, D, is attached to a crank or handle, £ D, 'vdnch tamf 
the axle of the great fly-wheel, F. The aide of F alsogiva 
motion to the rest of the machinery ; but of this it is imii^ 
cessary to speak. As H descends to O, the arm H D be- 
comes more and more nearly perpendicular, and consequently 
approaches £, which is the centre of its action on the whm 
F J and, by the law that the effect of all forces is greater in 
proportion to their distance from the centre of action, tlw 
power of the beam, in turning the wheel F, is continually 
diminished until D reaches M, when the beam loses all iti 
power in causing F to revolve. Here the machine would 
stop, and no force of steam could cause it to move any far- 
ther, were it not that the momentum of a moving body can- 
not be instantly destroyed. Before H D reaches the centre 
of action at £, it has had time to communicate very consi- 
dorablo momentum to the lairge and heavy wheel F, which, 
therefore, continues to turn by its own momentum, sweejnng 
the crank and the arm H D past the point M. Thus, when 
the great beam begins to rise again, the crank once more 
becomes a lever, and continues the motion of the wheel 
until H reaches its highest point, when the arm H D again 
loses all its mechanical advafitage in turning the crank ; and 
the machine would be just as effectually stopped at this 
moment, were it not for the momentum of F, which again 
carries the crank beyond this critical position, and thus ena- 
bles the rectilinear motion of the piston to be converted into 
continued circular motion in the fly-wheel. It is hardly 
necessary to tell you that this change may be reversed with 
equal facility ; for, if F were a water-wheel, set in motion 
by a stream, it is evident that the crank would cause the arm 
H D and the great beam to move in the same manner : so that 
if A were a pump, instead of the cylinder of a steam-en- 
gine, its pump-rod e would receive an alternate rectilinear 
motion from the continued circular motion of F. 

441. Though modern art has complicated the modes of 
changing the direction of force and motion to an incalculable 
<;xtent, the principles and the examples which have now 
been given will enable you to comprehend the mere me- 
chanical operation of almost any complex machine, when 
the effects of friction, aerial resistance, &c., are neglected. 
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b2. The accurate calculation of the ffiectof the different 
Bof such contrivances may demand, in many cases, &r 
igber mathematical acquirementstbanyouat present possess; 
but, if we have succeeded in securing your attention, you will 
DO longer be lost in wonder, vexed by ungratified curiosity, 
diigraced by stupid indifference, or agitated with needless 
dread, upon entering a woollen or cotton-factory, a paper- 
mill, printing office, or ateamboat. These noble monuinenls 
of human intelligence — theee magnificent machines for the 
erection of respectability and happiness upon Iheir only 
l^^tiniate and rational foundation, mdustry, will no longer 
appear to you as books written in an unknown tongue — 
things placed altogether beyond your comprehension — but 
you will find in them the proofs oi' a thousand principles of 
useful and of daily application. Are you a boy, and would 
you be a farmer, and fell a tree, erect a barn, guide a plough, 
or break a horse, with safety to life, limb, and properly? — 
Study mechanics ! Would you be a seaman or a merchant, 
and properly load a vessel, store your goods, or choose a 
porter, or a wagoner who understands his business 1 — Study 
mechanics ! Would you be a physician, and set a fractured 
limb, or handle a suffering patient without torture 1 — Study 
mechanics! Would you be a lawyer, and plead the cause 
of a farmer, a seaman, a merchant, or a physician or his 
patient 1 — Then study mechanics ! Are you a girl, and would 
you rise from an humble and subordinate position to one of 
domestic command and importance by the intelligent per- 
formance of household duties? — Still, we say, study mecha- 
nics! Is your situation so fortunate as to secure you the 
inheritance of an establishment of moderate means — the 
almost universal position of the well-educated American 
womani n'you wish to be able to put up or take down a 
suit of curtains, without falling from the high steps,or the 
chair ill balanced on the table-top ; if you would tie up 
your Venetian blinds without loosening the pins; set your 
table without straining the hinges ; place glass or china upon 
a marble slab, without breaking the brittle and elastic article ; 
put up a bedstead without overtasking your own strength or 
that of your female dependants, — for whose physical as well 
Bs moral well-being you are responsible to a higher power, 
that will not be paid by weekly wages or satisfied with 
pecuniary damages — even if you would merely secure that 
these things are properly done by others — again, we say, 
study mec^nicsl If, in fine, you would avoid becoming 
that whichj next to the fop, la the moat ridiculous in jquJ^ 
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and the most miserable in age— a useless ^ne ladif, that hai 
nothing to do, and cannot think — who is a mere cumbersofoe 
article in the furniture of a family, and too often a curse to 
everything that she is bound to protect, condemned by 
Heaven for her sins of omission almost as completely as the 
worst of her sex is condemned by the world for open crime^ 
— ^if you would avoid all this, study mechanics, and shall 
that terrible punishment of a youth of unobservant folly, an 
old age of bitter regret for jypportvnities neglected. But 
moral lectures, in a scientific school-book, should be but a 
holiday amusement. Let us pursue our labours. 

443. Means of regulating the velocity of machinery. — 
Almost all complex machines are so constructed that the 
moving power acts with various advantage at different mo- 
ments of time 3 as when a crank is employed to turn a wheel; 
consequently, the velocity of a machine and the quantity of 
resistance which it is capable of overcoming are also vary- 
ing continually. Now, it is of the utmost importance that 
the action of any apparatus should be rendered as unifoim as 
possible, in order to economize moving power, which is 
always limited and expensive. For this purpose the fly- 
wheel is added in almost all machines ai considerable size. 
It is a heavy mass of metal, such as that seen at F, in the 
last figure, connected with some part of the apparatus near 
the source of the motion ; and frequently the connexion is 
made by means of powerful cog-wheels and pinions which 
multiply its velocity many times, and thus, by increasing its 
momentum, give it a high degree of power without an ex- 
travagant weight. The sole office of this wheel is to assist 
the moving power when acting at the least mechanical ad- 
vantage, by reserving a portion of the ^.momentum which it 
acq^uires when the effect of the moving force is greatest 
This it does in the following manner : — When the machine 
is first set in motion, it would very soon acquire its greatest 
velocity if it were not for the" inertia of the fly-wheel, 
which is overcome slowly, and thus allows the other and 
more delicate parts of the apparatus to acquire their proper 
velocity gradually and safely, where otherwise they might 
be shattered by the suddenness of the force applied. But, 
by the continued operation of the moving force, the fly- 
wheel acquires its proper share of the mean velocity of the 
whole system, and, being heavy, retains its momentum with 
great obstinacy. 

444. When the stationary steam-engine, figure 179, is 
Gnt set in motion, the crank is acting at the greatest advan- 
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tage, yet the motion is very slow, because the fly-wheel 
P opposes the change of its condition, and yields with reluc- 
tance. Before the crank has descended to M, however, this 
Wbeel has acquired momentum enough to sweejp past that 
point, reacting upon the great beam, and forcing down the 
piston to a sufficient extent to allow the steam to act upon 
the crank to advantage once more. Additional momentum 
iM acquired by F, before the crank points perpendicularly 
toiHrards the beam again, and this critical point is passed with 
still, greater facility and speed. Thus the fly-wheel con- 
stantly increases in velocity till the machine is under full 
way. It appears, then, that a fly-wheel takes from the 
moving power a certain share of its force whep at the great-;* 
est, and gives out again as much of this portion as is neces- 
sary, when the force of the moving power is least. This 
efiect is suffcient to render the motion of the machine nearly 
equal at all times; but, even in the most perfect con- 
trivances, where the crank is used, it is impossible to render 
the action of the force absolutely uniform. Thus, in the 
steamboat, close attention to the sound of the paddles will 
convince you that twice during each revolution, their velo- 
city reaches its greatest height, and twice it sinks to the 
lowest point. The same thing is true wherever the nature 
of motion is changed from the alternate to the continued 
character, in any direction ; because such is the imperfec- 
tion of human art, that there is always a short pause at the 
end of each alternate motion, during which the moving force 
loses its action altogether. Were it not, therefore, that 
motion already acquired cannot be instantly stopped, very 
few mechanical inventions could be made practically useful. 
445. The resistance to be overcome by a machine is usu- 
ally varied from time to time, and consequently the velocity 
varies under the action of the same moving force. Thus, in 
grist-mills, when the hoppers are full of grain, the stones are 
prevented from moving with undue velocity by the friction 
of the grain that is crushed between them, which prevents 
the force of the water from moving the water-wheel with 
so much speed as it would otherwise acquire ; but when the 
supply of grain is suspended, and the hopper " runs low," 
Ihe wheels turn much more rapidly, and, by their quick jar- 
ring, arouse the attention of the miller, informing him that 
it is necessary to replenish the supply, lest the stones should 
yrind each other smooth instead of manufacturing flour. The 
fly-wheel, by its inertia, prevents these changes from taking 
place so suddenly as to endanger the machine. If the pad- 
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dies of a long steamboat^ rufining << dead before the wUri," 
were quickly raised above the water on both sides, by tiro 
heavy swells raising the bow and stern while the middle of 
the boat occupied for the moment ** the trough of the sea," 
the absence of a fly-wheel would almost insure the shooting 
of the piston through the head or bottom of the cylinder, 
like a ball from a cannon — ^an accident that has actually 
happened. This danger past, the paddles would acqiiire 
such speed by the time the retreating wave allowed them 
once more to strike the water, that they might be dashed 
to pieces by the blow. 

446. The locomotive engine is one of the few heavy ma- 
chines requiring no fly-wheel or substitute therefor ; for, in 
this apparatus, the inertia of the whole engine, when in 
motion, added to that of the train, if attached, prevents any 
very sudden change of velocity. But, when such an engine 
is passing over a very smooth place on the rails, where the 
friction of the road upon the running wheels is dimini^ed, 
you find, from the qu^ck spitting of the steam and the unse 
vailing rapidity of the wheels, that the absence of a fly- 
wheel as a regulator is sufficiently perceptible. 

447. The moving power of a machine may vary, from 
time to time, as weU as the resistance. Thus, if a floodgate 
be opened to admit the water to the water-wheel of a mill 
at noon, while the miller goes to dinner, a sudden shower 
may swell the race, and thus give to the machinery, the fly- 
wheel included, a velocity that may spoil the produce of the 
mill ; and in steam-works, the going down of the fire during 
the absence of the engi- __ 



neer may seriously re- 
tard the work. To prevent 
such disasters, a beautiful 
contrivance has been in- 
vented, to regulate the 
supply of steam or water, 
without the immediate 
agency of man. Fig. 
180 represents the essen- 
tial parts of this appara- 
tus. You see in it a long 
arbour or axle. A, play- 
'^^Ei ^y n^^a'is of its sharp- 
ened extremities, in little 
cups or depressions sunk 
Jato iron supports placed 
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upon the beams or other wood-work B and C. Upon the 
laWeT port of this arbour is secured a small, smooth wheel, 
which is turned by a band, D, connected with the machine 
that the apparatus is designed to regulate. The middle part 
of the arbour, at F, is squared, ami a mortise, or window 
being cat through it from side to side, two bent levers, 6 £ 
and &£^ are made to cross each other at the middle point of 
the mortise, and are there secured by a pivot passing through 
them, but permitting motion, like the blades of a pair of 
scissors. The lower extremities of these levers are armed 
each with a heavy ball of metal, E E', and, to their upper 
extremities, two shorter levers are attached, resembling, in 
their hinge-like motion, that which connects the piston-rod 
of the stationary high-pressure steam-engine with the main- 
beam of that machine (4<39). These shorter levers, in their 
turn, are attached to a sliding, cylindrical piece of metal, H, 
which plays freely up and down the arbour A. The cylin- 
drical sliding-plece is grooved near the middle, to receive 
the extremity of a short piece of wood or metal, I, project- 
ing at right angles from the arbour, and embracing the nar- 
row part of the cylindrical sliding-piece without pressing 
upon it ; so that the former may remain at rest while the 
latter piece is revolvinff with the axle. The other extremity 
of I is connected with a system of levers which will be 
understood at once b}' consulting the figure, and which ter- 
minate in the rod K. This rod is connected with a valve 
which admits more or less steam into the main pipe that 
supplies the cylinder of the steam-engine, or with the flood- 
gate supplying the water-wheel of a mill with water. When 
the rod is raised, less steam or water is admitted to the 
machine, and when it is depressed, more of the moving force 
is allowed to come into action. Let us, then, examine the 
mode in which this contrivance tends to equalize the force 
exerted by the moving power, when accidental causes increase 
or diminish its energy. 

4kS. When the machine is put in motion, the band D, 
acting on its appropriate wheel, causes the arbour A to re- 
volve ; and the two levers G E^ G'E', together with the smaller 
levers and the cylindrical sliding-piece H, are compelled to 
revolve with it, by the pivot which attaches the greater 
levers to the square part of the arbour at F. But I is not 
thus compelled to assume a circular movement ; for it per- 
mits the sliding-piece to revolve freely within the hole madii 
in this cross-piece for its accommodation. Now, the bodies 
E and E' being made heavier than the rest of this \iart oC tlv^ 
IS 
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apparatus, th»'y acquire a greater degree of cenUifogiltitti 1 ^ 
and cons**qupntl y fly off from the aiixMir or from the niJUha 1^ - 
in thp little propi L L, upoa which they repoieTheilk Ik; 
machine is at rest. This separation of the two balk d»f l^f 
pFHsst-s the oppobite extremities of the levers, at G iDd&i 
und dra^ downwards the sliding cylinder H. nusjiiili 
turn, also drags downward, or depresses the eommmmaat 
of the lever I, elevates its opposite extremity with the nd 
K, and partially closes the steam-valve or the floodpfeeL 
Thus, the moving power is made to curtail the supply of ib 
own force to the machine, and, when it becomei eio» 
sivo, controls its violence most effectually. If, oo the coi- 
trary, the nioving force begins to decline, the revolving Uli 
approach each other, the sliding-piece is forced upvudi, 
the rod K is depressed, more steam or water is allowed to 
act, the activity of the machine is preserved without mt 
tfrial diminution, until, when the revolving balls sink into 
the props or crutches L L, the steampipe or the floodgate if 
clc>s(>d, and the apparatus stops. It is evident that this coo- 
trivance supplies, in great degree, the duty of a fly-wheel, 
and with greater economy, because it contains less matter to 
be moved. But in regulating great machines, both con- 
trivances ,are often advi^le assistants. 

Here we will close the subject of the application of mecba- 
nical laws to solid bodies, and proceed to consider their in- 
fluence over matter in other states or conditions. 



CHAPTER III. 

PHENOMENA OF FLUIDS. 

4'|.9. All the great laws that relate to the mechanical 
action of BoWds are equally applicable to that of fluids; but 
the wide difl<T(»nce in the condition of the particles of these 
two classes of bodies, in relation to their mobility amonof 
each otJKT, produces phenomena apparently so various that 
cliniTcnt names have been adopted to distinguish the several 
f)r.in(heH of science which treat of the motions and force of 
Holids, liquids, and gases or airs. Different writers have given 
Hiuh various, and often contradictory definitions of these terms, 
»lm1 it j)<|com<*s necessary for each author to define them for 
luMiHrl/, if hj» wishes to convey clear ideas. 
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^ 450. Phifsici is the name of that science which treats rf 
[ the structure, proptrties, and actions of material Ihingfc 
I^ether witli metaphysics, which professea to treat of th» 
properties and actions of the mind, it embraces the entire 
circle of human science. It is divided into numerous depart- 
ments, of which we are only required at present to define 
the following. 

451. Dynamics is the name of that branch of physical 
science which treats of the doctrine of power or force. It 
is applied by many, through a false construction, to the doc- 
trine of power or force, as it affects solids only. Through a 
still worse error, many ofhers confine its application to the 
doctrine of power or force, as displayed by solid bodies when 

452. Slalien is the name of that subdivision of dyoamica 
which treats of physical power or force when it preserves 
bodies in a state erf' relative rest ; and its fundamental princi- 
ples have been developed in the earlier part of this volunie. 

453. Mechanici is the name of that division of dynamics 
which treats of physical power or force when it creates 
or changes the direction of, the relative motions of bodies. 
The first principles of mechanics, so far as they are admissi- 
ble in this work, have been already discussed. 

454. No term has been invented to designate the branch 
of science which treats of the application of the laws of 
dynamics to fluids in general, but several are in constant use 
to express subdivisions of this branch. 

455. Hydrostatics is the name of that secondary subdi- 
vision of dynamics which treats of the peculiar phenomena 
produced by physical power or force, as witnessed in liquidi 
when in a state of rest or equilibrium or relative rest. To 
define the word by the shortest possible phrase — Hytlrosla- 
tics is the statics of liquids, 

456. Hydraulics is the name of that secondary subdivi- 
sion of dynamics which treats of the peculiar phenomena 
produced by physical power or force, as witnessed in liquids 
when in a state of relative motion: that is; hydraulics is 
the mechanics (^liquids. 

457. All the peculiarities observed in the action of dyna- 
mic forces upon liquids, so far as they fall within the scope of 
hydrostatics and hydraulics," result from one single property 
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• Tho term hydrodynamics, which should include these V 
lions of |)hyeiciU acience, hus been go pcrvorncl; approprial 
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.nctanll/ lo dismiss it altogether, in a achool-hook. 
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of liquids ; namely ; the free motion of their particles amoDg 
themselves, in consequence of their peculiar arrangement 
and mode of coheidon. The laws which govern motion tod 
rest are precisely the same in all respects, whatever may be 
the state or condition of the body acted upon by d^nunic 
force. Hence, if we were perfectly acquainted with the 
laws of attraction and the forms of atoms and molecules, we 
should be able to foretell all the dynamic phenomena that 
fluids can display, from our knowledige of the efiects of phy- 
sical force upon solids, even without resorting to spedil 
experiments ; for a liquid body is but a collection of relatively 
moveable little bodies (molecules), and a solid is a collectioQ 
of relatively fixed, though otherwise similar bodies. 

458. Pncamatics is the name of that subdivision of dyiuh 
mics which treats of the peculiar phenomena produced by 
physical power or force, as witnessed in airs or gases, whether 
they be relatively in motion or at rest. This term may there* 
fore be defined — ike statics and mechanics of airs or gasn. 
The terms aero-dynamics and aerostatics are occasionallj 
used to express the dynamics and statics of air, gas, or aeri- 
form fluids. 

459. All the peculiarities observed in the action of dyna- 
mic forces upon gases, result from two properties of matter 
in the gaseous state : 1st, the mobility of the particles among 
themselves, in which they resemble liquids; and, 2d, the 
great mutual repulsion of their particles, by means of which 
they fly apart to an unknown extent, when freed from the ac- 
tion of all forces that tend to press them together — a peculi- 
arity of which you will form more correct notions hereafter. 
Were we fully acquainted with all the laws of molecular 
attraction and repulsion, we should be able to foretell all the 
results of pneumatics from our previous knowledge of the 
dynamics of solid bodies, without the necessity of farther 
experiment. Therefore, in studying the subjects discussed in 
the present portion of this volume, you should remember 
that you are not studying new laws, but merely the results 
of the laws with which you are already acquainted, when 
modified in their application by the peculiar condition of 
the molecules of the matter in liquids and gases. 

460. It will also preserve you from many mistakes to re- 
member that the subdivisions of dynamics, like all systematic 
arrangements of physical science or knowledge, are purely 
^rtificialy and founded upon approximations to truth rather 
than truth itself. Thus, as you have just been told, all 
the dynamic peculiarities of liquids result from the free 
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motions of the particles among Ihenaelves : but, as no body 
ia nature is perfectly hard, Ihs particles of all bodies, 
however solid, must be capable of moving upon each 
other, to a curtain extent, like those of a liquid ; and it ia 
only because the peculiar mode in which the molecules of 
Holids interlock with each other, owing to their near ap- 
proach, or because the balance between their mutual attrac- 
tiona acd repulsiona ia not yet fully understood, thai we are 
unable to discover in their motions clear traces of all the 
phenomena displayed in liquids. It is even impossible to 
point out, in the present state of our knowledge, the exact 
point where solidity ceases and liquidity begins; for different 
liquids display every degree of fluidity, from the most deli- 
cate ether, which may be regarded as almost a gas, to the 
thickest molasses, which is almost solid, and gradually be- 
comes entirely so, by mere evaporation ; thus connecting the 
fluids with lead and other malleable metals, through which 
we may trace the gradual diminution of the same property, 
up to iridium, the sapphire and the 'diamond, the hardest of 
known substances. Again ; all the dynamic peculiarities of 
airs or gases which distinguish them from fluids of the liquid 
character, result from " the great mutual repulsion of their 
particles," &c. (4.58). On this account, the particles of gases 
can bo driven nearer together tiy pressure, but immediately 
recover their former position upon the removal of that pres- 
sure. Thus ; if you tread upon a tight bladder full of air, 
the air is compressed into much smaller space, and when, 
your foot is removed, it expands, and becomes as bulky aa, 
before. Formerly, liquids were called incompressible fluids, 
because it was thought that water, the moat common of them 
all, could not be compressed; but it has since been ascertained 
that they may be compressed by very powerful forces. Even 
a pressure of about sixteen pounds to the square inch of the 
surface reduces alcohol by about 0.000,066 of its bulk, — 
A\-ater, to about 0.000,046, — and mercury, by about 0.000,003. 
By enormous forces, water has been apparently reduced by 
one-twelfth part of its bulk. When thus compressed, a 
liquid instantly resumes its original dimensions on the re- 
moval of the pressure ; but it cannot expand permanently 
beyond the point at which the mutual attraction and repul- 
sion of the molecules balance each other. Within this limit, 
however, the particles of water are repelled from each other 
as surely as those of a gas. There is every reason to be- 
lieve that the phenomena of elasticity in solids are afivM^ 
to the same cause; and hence we may aafoVy \n^« ftvaS.'Oae. 
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mutual repulsion of the particles of gases differ only in degree, 
and not in nature, from that observed in solids and liquid& 

461. It is very true that we discover, and can measure 
the extent of this repulsion, both in solids apd liquids, while 
we perceive no limit to its action in airs and gases ] but this 
by no means proves that no such limits exist. If caloric— 
the presence of a certain quantity of which is necessary to 
bring any kind of matter into the gaseous state — be really a 
material substance, it is quite probable that the distance 
to which the molecules of gas can be separated by repulsioii 
may depend rather upon some unknown law of this impon- 
derable agent than upon any property of the molecules them- 
selves. Be this as it may ; there is reason to believe that 
the atmosphere we breathe has its limits, and does not exist 
throughout all space, as many suppose. We know that many 
vast collections of vapour, much lighter than air, exist though- 
out the heavens;* forming worlds of gas, through which the 
stars shine brightly ; yet each of these revolves as a sun or 
plauiet around the centre- of gravity of its own system as re- 
gularly as our earth and solar planets. These are entire 
bodies of gaseous fluid. Out atmosphere would probably re- 
semble them, could it be viewed from the moon. Many 
comets appear to be of the same nature, and if the order of 
creation should permit one of these bodies to come in violent 
contact with our atmosphere, there is nothing unnatural in 
the supposition that it might rebound therefrom, like a soap- 
bubble from the sleeve of a cloth coat, a falling rain-drop from 
the leaf of a flower, an ivory ball from the cushion of a bil- 
liard table, or a cannon-bullet or pebble from the surface of 
water. 

462. One of the most remarkable seeming peculiarities 
of gases, is their increasing tenuity y rarity y or thinness, as they 
recede from a centre of gravitation. Thus, our atmosphere be- 
comes more and more rare as we ascend a mountain or rise in 
a balloon, until, al length, it becomes too thin to support ani- 
mal life. But this is not really peculiar to the gases. The 
only reason why the lower portion of the atmosphere is 
more dense than tho upper portion is that it has to support 
the weight of the. upper portion, which acts upon it as a 
compressing force. Even were the earth removed, and the 
atmosphere left alone in its place, this same force would con- 
tinue in action, and the same result would be observed, 
though in less degree, because the molecules of air would 
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1 gravitate towards a conunoQ centre, as before, and the 
^er would still press upon the lower portioDs. Sinco it 
I become known, by actual experiment, that fluids arc 
tqureauble, it is generally acknowledged that an analt^ouE 
_ id&tion or rarefaction occurs in liquids similarly circum- 
"Sauced. Thus, the water at the surface of the aea is lew 
dense than that which occupies its depths, and that of a 
mountain lake must necessarily be rarer than that of a river 
of the plains ; though, in the latter case, the dilference ii 
too slight to be taken into our usual dynamic calculations. 
By the same rule, the central portions of a aolid must be more 
dense than the surface, for the force which causes Ihe tnol^ 
cules to gravitate towards the centre of gravity of the body 
exists here also, and the molecules never being in absolute 
contact, this force must produce some eifect, although it ia 
altogether too small ever to become a subject of calculation, 
unless in reasoning upon the nucleus of a comet or nebula, 
a planet or a sun. The rapid rarefaction of water very near 
its surface, where the pressure approaches to nothing, has 
induced, in Laplace, and some more recent German mathema- 
ticians, an attempt to explain some of the most difficult pro- 
bleiTis connected with capillary attraction. 

463. Parts of the foregoing reasoning may be too deep 
for most of our young readers, but they will comprehend 
enough of the argument to enter upon the three succeeding 
chapters much more understandingly. 
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CHAPTER IV. 
HYDROSTATICS. 



^■i^-i. As the cause of the peculiarities observed in thv J 
action of forces upon fluid bodies is to be sought, not in aiqii I 
peculiar condition of these bodies viewed as masses of mat* | 
ter, but in that of their molecules, let ua inquire more fully 
in what this peculiarity consists. The molecules of soliot J 
cannot be made to move parcepdbly upon each other without 1 
the exertion of very considerable force, in consequence of,- | 
their arrangement and their very strong cohesion ; but thoea I 
of liquids are so arranged as to change their place with very ' 
great facility under the action of exceedingly small forces. 
If you even breathe upon (he surface of waive, tl\e Ww«* 
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of the invisible particles of air dii^charged from your moutk 
with moderate velocity are su£5knently powerfid to lash it 
into waves. 

465. This mobility cannot be attributed to the form of the 
molecules, because, when water is irozen into ice, it becomes 
a solid, and we have no reason to' believe that the form of 
its particles is changed thereby ;- moreover, all solid bodies 
are convertible into liquids by sufficient heat. Nor can 
we attribute the mobility entirely to the diminution of co- 
hesion, f(»: some liquids possess very obvious coheaon and 
some solids but little. That friction should be much lessened 
by changing a body from the solid to the fluid foiln is quite 
intelligible ; for, in the latter state, every indefinitely small 
molecule, acts as a little friction wheel (244) whenever mo- 
tion is communicated to it; but that friction between the 
molecules of the most perfect known fluids still exists, and 
that without it the world would be scarcely habitable, has 
been already ishown (193). x 

466. The importance of the cohesion of liquids appears in 
our remarks upon capillary attraction, and that of their fric- 
tion will be acknowledged when we arrive at that part of 
our narrative which" treats of the motions of liquids. But 
the forces required to overcome both these causes of resist- 
ance are so slight, when the motions between the particles 
are very slow, that the resistance becomes incalculably small 
in the more perfect liquids, and may be entirely neglected. 
It has no perceptible effect upon any question connected with 
the mere equilibrium of liquids. 

467. The particles of any body in the liquid state are 
farther apart than those of (he same body in a solid state, and 
even in the latter condition, they are not in contact. It is, 
therefore, admissible, for purposes of illustration, to repre- 
sent the molecules of a fluid body by dots or small figures of 
any form, removed to a short distance from each other. 
Therefore, let Fig. 181 represent a section of a basin contain- 
ing water, and let the little globules in the figure be the 
molecules of the liquid as seen in section. 

468. The surface of the liquid at rest in this basin, like 
that of a lake in very calm weather, 
is level, except near the edges. But 
every particle is drawn directly 
downward by gravity with a force 
proportional to its weight. Let us 
choose any one particle on the sup- 

Ace, as A in the figure. The v/eight ^. ^a,^^ 
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of ^is particle would cauge it to descend if it were not 
sapiwrted. But it does not descend^ for the liquid is at rest. 
By what force, then, is it supported ? Certainly not by co- 
hesion and friction, for the slightest force, a mere breath, 
would caiuse it to move freely among the other particles. 
The lateral pressure of the particles all around it will obvi- 
ously keep it from moving towards the side of the basin in 
any direction, but there fs nothing to prevent it from de- 
scending towards the bottom, except the upward pressure of 
the par^cle§ beneath it. This upward pressure is equal to 
the weight of the particle ; for if it were greater than the 
weight, A would be driven upwards above the surface, and 
if it were less than the weight, A would sink beneath the 
surface. Let us now choose a molecule lower down in the 
liquid, such as C in the figure. If the liquid be at rest, C 
must also be at rest. But it is urged downwards both by its 
own weight and by that of the two particles above. Thus 
the force that presses it downwards is three times as great as 
that acting upon A at the surface, because C is three times 
as deep in the liquid. Under this force C would necessarily 
descend if unsupported by an equal pressure from below up- 
wards, exerted by the particles beneath it. But it does not 
descend. Therefore it is supported by an upward pressure 
three times as great as that which supports A at the surface ; 
and it is thus supported, because it is three times ox deep in 
the liquid. If C were urged by any force acting in any 
other direction, it would move in that direction, unless the 
pressure of the particles in the opposite direction were equal 
to that force. But when a liquid stands at rest in an open 
vessel, all its molecules are at rest whatever may be their 
depth; therefore every molecule in a liquid is subjected to 
a pressure resulting from the weight of the liquid acting upon 
it equally in all directions, and as action and reaction are 
always equal, it must also act equally in all directions upon 
the particles around it. Here, then, you perceive the only 
peculiarity in the condition of the molecules of a liquid 
which modify the effects oi forces upon it : and, but for this, 
all the laws of mechanics could be applied in the same man- 
ner to solids and to fluids. The manner in which their ap- 
plication is influenced by this peculiarity, will appear in the 
sequel, when we explain the importance of the following 
law of liquid pressure in solving some of the most familiar 
questions in hydrostatics. This law is but a short mode of 
expressing the facts that have just been proved. It should 
be committed to memory. 
4^9. The pressure of liquids acts equally m dX Sit^^vsw^ 



211 ayD&osTATics. 

470. If liquids were alti^ther iocompreseible by foiu, 
that is, if their molecules could not be pressed nearer to- 
gether by any mechanical force, however great, it is evident 
that the Dumber of particles supported by any one molecule 
would be proportional to its depth below the surface ; (we 
C, Fig. 181), or in other words, the pressure would increaie 
directly as the depth. It hae been proved ezperimentall;, 
that all fluids are to a certain extent ela^ic and comjH'eai' 
ble ; so that even the most refractory liquids j such as alco- 
hol, mercury and water, can be squeezed into smaller space 
by tremendous forces. The number of molecules in a unit 
of solid measure — a cubic inch, for instance — must, there- 
fore, increase as the depth of the liquid increases, and, con- 
sequently, the presMire, which depends on the weight of the 
superincumbent particles, must increase faster than the depth. 
But, as no force which can be commanded by man is suf- 
ficient to produce any very considerable change of demily 
in water and most other hquids, the following law,.whicn 
should also be coinmittcd to memory, is sufficiently near the 
truth for all practical purposes. 

471. The pressure of liquids increases directly as theii 
depth. 

472. Let A B C D, Pig. 182, represent a section of an 
upright cubic vessel completely filled with water. It is evi- 
dent that the bottom of this ves- 
sel must bear the pressure of the - — 

v^ole weight of water in the ves- j^ l~ ""^"^ 

sel, because the gravity of all the j 
particles tends directly down- i y 

wards against it; and Uiia pres- y. 

sure will be proportional to the i „ . . 
depth of the water and the size of ^ i- - ■ ■- -. _ . 
the bottom. On comparing the ^f, i£i. 

pressure upon the bottoms of cubic 

vessels of different sizes, it will, therefore, be found propoi- 
tional to the depth of the liquid multiplied by the area of the 
bottom ; and the same thing is, obviously true with regard to 
upright vewels of a prismatic or cylindrical figure. 

473. Now, let us suppose a light and thin board of some 
kind of wood which is just as heavy as water, to be laid di- 
agonally across the vessel A B C D, in the manner repre- 
sented in outline in Fig, 182 ; and let this board be so nar- 
row as to permit the water to flow freely round its edges. 
If we select any point on the sur&ce of this board, such at 
E or F, if is evident that the water must prea with equal 

SjTCe both above aid below tliw pAcX QieviViii wA-nC tVw cat 
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dilation the thickness of the board) ; and bene ., the board 
must press downward upon the liquid in the space BCD, 
as powerfully as the water in B C A, would do- if the board 
were removed ] and the pressure on the. bottom of the vessel 
will also continue unchanged. Let- us nex;t suppose that the 
edges of the board are secured to the sides of the. vessel by 
means of putty, so as to cut off all communication between 
B C A and B<^ D. This cannot make the slightest differ- 
ence in the upward pressure of the fluid contained in B C D ; 
Therefore the board wQl continue io press upon it with the 
same force aa before, nor will the pressure upon, the bottom be 
varied in the lea^ : for it matters not whether this pressure be 
produced by the reaction of the board or by the weight of the 
water above it, the one force being exactly equal to the 
other. But when all communication between the upper and 
lower chamber is prevented, the weight of the water in 
B C A, can have no influence in increasing the pressure on 
the bottom, because the board prevents it.from acting. Then, 
let B C A be emptied entirely, and still the water below 
B G will continue to- press u|)on the bottom of the vessel 
and upon the under surface of the board exactly as when 
B C A was full, though the vessel contains just half the 
weight of water which previously occupied it. 

474. Thus, you perceive that the form of the vessel has 
nothing to do with the degree of pressure produced by the 
fluid which it happens to contain ; but this pressure is deter- 
mined, at every point, by the perpendicular depth of that 
point below the level of the surface of the liquid. This is 
the inevitable consequence of the great law of fluid pressure, 
that it acts equally in all directions. 

475. Thus, in the different vessels A, B, G, D, Fig. 183,. 
if all filled with water to the same level, E F, the fluid 
pressure upon any one particle at the bottoni of one vessel, 
— ^D, for example, — must be exactly equal to that exerted 
upon every other particle at the bottom of either of the 
vessels ; — B, for example — because those particles are all at 
the same perpendicular depth beneath the common surface, 
E F ; and, by the equality . of action and reaction, the up- 
ward pressure against each particle of the fluid at the bottom 
of all these vessels, must also be equal. But suppose that 
either of the vessels contained water to a less depth than the 
others, then each particle at the bottom of this vessel must 
sustain proportionally less pressure. If, then, these vessels, 
A, B, C, and D, be connected by a tube communicating 
freely from one to another throughout the series^ — v:hvcK 




tube you may suppose to be concealed in the base of the 
apparatus, aa at G H, Fig. 184 — on pouring more water inio 
eittier vesse], you increase the downward pressure upon 
every particle at the bottom of that vesspl ; and as tliis pret- 
Eure acts equally in all directions, it produces an equal in- 
crease of the upward pressure of the water eonlained in the 
concealed tube, throughout its entire length ; which latter 
reacts upon all the particles contained in the other vesseln, 
giving them all an increased disposition to rise towanJs the 
surface. But the upward pressure of each particle was al- 
ready sufficient to balance its weight or downward pressure, 
before more water was added. Now, therefore, the former 
must overbalance the latter ] and hence the water added 
must distribute itself to all the other vessels until it rises tn 
the same level throughout the series ; nor can the surface of 
any fluid be preserved at rest in the absence of disturbing 
forces, unless all parts of the surface stand st the same ele- 
vation. 

476, As the pressure of any given liquid ilrpends entirely 
upon its perpendicular depth, and not upon the form of the 
vessel containing it, it follows that, in all vessels containing 
any one liquid, and having bottoms of equal size, the whole 

Eressure supported by the bottoms must be equal, if the depth 
e equal. But if the bottoms vary in size, Ihe pressure su»- 
taiued hy them will be proportional to the dimensions of the 
bottom in each case. 

477. At A, B, C, and D, Fig. 184, you see the repre- 
sentation of a number of vessels containing water to the 
same deplh in each. The bolloms of all these vessels are of 
Ihe same dimensions ; that is, they all prtscnt surfaces con- 
tainit^ the same number of square inches. On every square 
inch in (he bottom of each of these vesseU, the pressure is 
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equal to tbe weight of a column of the liquid of the same 
dimensioni, and of the height represented by the dotted line 
£ F, which a equal to the depth of liquid in eadi of the 
vessels. Hence the dimensions of the bottom in square 
inches, multiplied by the perpendicular' depth of the fluid in 
linear inches, multiplied again by the weight of a cubic inch 
of the fluid, will give the amount of pressure on the bottom 
in all cases, if the bottom be paraUel to the surface. 

478. The bottom of Lake Erie is said to be about 300 feet 
in depth. If this be true, and a hole w4th a surface of one 
square inch were bored in its deepest point, and connected 
with a pipe leading to the sea, the water could be efl*ectually 
prevented from running out by a plug exerting about one- 
seventh of the force required to stop an iron tube full of 
water, one inch in diameter, and descending from the Catts- 
kill Mountain-house, at the Pine-orchard, to the village at 
the base of the mountain. The Mountain-house is elevated 
2,000 feet above the village ] and a cubic inch of water, 
when the thermometer stands at 62^ Fahrenheit, weighs ex- 
actly 252.458 grains. From these data you would find that 
the water in the lake would endeavour to escape with a force 
equal to nearly 130 pounds avoirdupois, while the force sus- 
tained by the plug in the iron pipe would be more than 867 
pounds. A strong man might hold in the waters qf the lake 
with his hand, but the iron itself must be made very thick 
in order to resist the enormous pressure upon the tube. 

479. As the pressure of liquids increases in direct propoiv 
tion to the depth, without regard to the form of the vessel, 
it follows that the pressure upon the sides of a vessel must 
be measured by its extent of surface and the mean depth of 
the fluid pressing upon it. Thus, in Fig. 185, if the vessel 
be filled with water, the pressure on the portion of inner 
surface C D E, will be equal to the area of that portion multi- 
plied by the depth H I; because, H is the middle point of 
the parallelogram acted upon by the water, and the whole 
preasure above that point must i^iminigh af the surfiu^e of the 
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side of the vessd approachieg the surface of the water, where 
it ceases'altogether ; while, on the other hand, the pressure 
below the point H, increases with exactly the same rapiditj 
until the side reaches -the bottom : H I, then, represents the 
depth of the point where the degree of pressure is equal to 
the average of that exerted upon the whole surface of C D E, 
and this is equally true, whether the side be perpendicular 
or oblique. 

480. But if the side of a vessel be triangular, like the 
surface A C D, the mean depth of the liquid pressing upon it 
must be much less than H I ; for the mean height of a 
triangle is always exactly one-third of its entire height 
measured from either of its sides. The whole pressure upon 
A C D is, therefore, equal to its area multiplied by the dis- 
tance from the surface of the water to the point K, which is 
the mean depth of the liquid acting upon that surface. 

481. The black dot at F, marks the mean depth of the 
fluid acting upon the small parallelogram of which it is the 
centre, and the distance from this point to the surface of the 
water multiplied by the area of the parallelogram will show 
the amount of pressure acting upon a flood-gate of the size, 
form and situation represented by the parallelogram. Now, 
suppose that this flood-gate, retaining the same dimensions 
and extending to the same depth, were placed in the hori- 
zontal position represented by the dotted lines round the 
letter G, which defines the mean depth of the water pressing 
on the gate when in that position. The depth from the sur- 
face of the water to G is much greater than that from the 
same surface to F ; and, therefore, the pressure on the hori- 
zontal gate must be muth greater than.that acting on the per- 
pendicular gate. This fact is of much importance in the 
construction of mills; for you perceive that a flood-gate three 
feet high, and one foot wide, placed at the bottom of a mill- 

race, would deliver mucVi Yess v/aV^i, w\^ W icv%»,l\ lees 
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, than a. gate one foot high and three feet wide, 
-^ ^ed in the.aime situation. As fluid pressure is iminr- 
V^^'^Jfly applied to all surfaces fay the layer of fluid particles 
^^ »inraeiate contact with the surface, which layer may be 
k^'^?**'nlered indefinitely thin and of uniform density and. 
V ^j'^ess, the point of mean pressure may be easily ascer- 
^^**Md ill all cases, by finding where would be placed the 
^ittre of gravity of this layer. 

482. The principles that have now been explained will 
^fvable you thoroughly to comprehend a great variety of in- 
teresting phenomena, that appear exceedingly puzzling tb 

•he uninalructed i we will mention a number of these, and 
Jour own observations will supply you daily with more. 

483. The Atlantic Ocean riaes in the Bay of Mexico to 
Ih'.' height of majiy feet above ihe level of (he Pacific 
M-estern coast of the Isthmus of Panama. When it was lirst 
proposed to dig a canal through the isthmus, in order to 
fiicililale our trade wilh India, many men, who should have 
beeD wiser, protested against the scheme for fear the vast 
ocean on the east should rush through the opening witK 
resistless force, tear away the foundations of the Andes, and 
leave our shallower harbours almost dry. You have seen 
that it is as easy to shut out an ocean by a flood-gate as to se- 
cure an ordinary mill-dam by such raeana, if both gates be 
placed at the same depth. 

484.. When a bottle filled with fresh water, and tightly 
corked, is sunken to a great depth into the sea, the cork is 
compressed into a very small space by the weight of the 
liquid pressing it on every side, and is generally forced into 
the bottle in consequence of the compression of the ivater 
itself. If the cork retains its place, the sea water passes by 
the side of it, and the bottle is drawn upward, fiUed by a 
mixture of fresh and salt water. 

4S5. When quantities of meat are placed in a sack full of 
brine and sunken in the same manner, for a very short time, 
the meat is drawn up completely sohed, aUhough it requires 
months to accomplish the same purpose without pressure. 

486. Suspend a bucket, completely full of wafer, from 
one extremity of a long stick, and balance it across the sharp 
fdge of a fence-rail, by hanging a stone of sufficient weight 
at thij other extremity. Then phmge your hand into the 
bucket and hold it there, without touching the bottom o^ 
sides of the vessel, and you will find the equilibrium still UI^ 
changed ; because the height of the fluid remains unaltered* 
but, if the same experiment be repeated with the h«ck«ft 
only partially filled with water, it wUl immeivaXeV-j ■^Tc-^*sa! 
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derate ; because the depth of the water is increased. Tfak ii 
called the hydrostatic paradox, and is clearly illustcated m 
the little apparatus repre- 
sented in Fig. 186. A 
represents a vessel sus- 
pended like a scale from 
one extremity of a com- 
mon weighing beam ; B, a g 
cylindrical piece of wood 
or metal, large enough ^ 
nearly to fill the former, 
and supported by a rod, 
C, which slides upon the 
pillar of the beam, upon 
which it can be secured 
at any height, by means 

of a thumb-screw. Let A be completely filled with water, 
and weighed while B is removed froin the vessel ; then cause 
B to descend into the vessel, so as 4o displace any required 
portion of the water, and secure it in its n^w position by 
means of the screw. In this case, A will be found to balance 
just as much weight as before, though much water has flowed 
from it ', because the depth of the liquid pressing upon the 
bottom continues unchanged. This result takes place with 
equal certainty, whether B be made of lead or cork. If a 
water-tight case, basin or dock were made sufficiently large 
to receive a ship of 1 ,000 tons burden, fully loaded, and if 
the shape of the dock were so adapted to that of the bottom 
of the vessel as to leave very little room between them, the 
ship would float as completely, when borne up by a few gal- 
lons of water poured into the dock as when sailing on the 
ocean. 

487. If a long tube, with a section of one 
square inch, were made to enter an iron-bound 
and water-tight hogshead, filled with water, and 
if more water were then poured into the tube, 
the pressure on every square inch over the 
whole internal surface of the hogshead would 
be increased at the rate of 252.^8 grains, or 
about 1 l-20th8 of an oimce, troy, for every 
inch of distance to which the water would 
rise in the tube ; and as there are nearly 4,00i9 
square inches on the inner surface of a hogs- 
head, every square inch of water in the tube 
would press upon this surfiice With a force-of rig. ki. 
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•bout 144 ponnds. It is not surorising, then, that'a column 
of a few feet in such a tube is sufficient to burst the strongest 
hogshead. 

488. Suppose that we substitute for a long column of water 
in the tube, A, Fig. 187. the piston represented at B, carry- 
ing upon the summit ot its rod^ a small scale, C, in which 
we place a weight of one pound, the tube being filled with 
water as far as the piston. In this case, the piston will press 
upon the water in the tube with a force equal to that of a 
column of the liquid weighing one pound; which colunm 
would be more than twenty-seven inches in height. The 
outward pressure on the inside of the hogshead, from the 
action of the weight alone, would then be equal to one pound 
on every square inch of surface, or nearly 4,000 pounds. 
And if the tube were made of only one quarter the dimeur 
sions, the same pound of weight would exercise a pressure 
of one pound on every one quarter of a square inch ; thus 
reaching the enormous amount of 16,000 pounds, which no 
such vessel could sustain for an instant. 

489. The foregoing remarks are sufficient rto prove one of 
the most curious consequences of the law that liquids act 
equally in all directions. It is this : When a portion of a 
fluid is subjected to any force wkatcoery that force acts with 
equal' energy throughoid the entire mass cf the fluid. Thus, 
if you tread upon a, bladder filled with water, it will give 
way wherever it is weakest, and not necessarily at the part 
where you place your foot ; for your weight acts just as 
powerfully on all other jwrtions of the inside of the bladder. 
Indeed, by flattening the «ides of the sac, and supporting it 
by pressure without as well as within, the foot and the 
ground against which it is pressed*, actually strengthen these 
portions of the membrane by enabling their cohesion to act 
at a greater mechanical advantage in resisting the distension. 
Here we meet an apparent paradox : the part least likely to 
burst is the very part to which the force is directly applied. 

490. By means of a^ tube and piston, similar to that seen 
in Fig. 187, but generally worked by a lever, like a pump, 
the Srength of steam-boilers, cannon and other hollow 
vessels are most conveniently tested. By choosing a small 
tube, and using a strong lever to act upon the piston-rod, it 
is easy for a single man to produce a pressure of millions of 
pounds upon the interior of these vessels, when filled with 
water. There is no cannon so strong that it may not be torn 
to pieces by a mere child, when armed with sucn tremendous 
mechanical power. 
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491. One of the moit -(ueful applicatioiu oT licpiid prnnr 
to mechBnical purpowi ii aeeo in the firemah preM) Rp» 

KDted in acctkHi at Fig. ISS. Its expluiatioa and elooi^ 
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tion will demand your cloeeal attention for a few 

All the darkly shaded puts of the nuichine, the npri^ 
posts or pillars H and I, with the cros»-piece uniting thm 
at the top, are composed of massive iron. A is the hindle 
of B lever of the second order, attached, by a joint whick 
serves as its fulcrutn, to the pillar I. It acts on a Email yf 
ton-rod, B C, by means of a short lever and hinge-joint. At 
C, the piston-rod ilescends through a strong iron air4i^ 
cap, into a narrow chamber, D, in the solid iron, which 
Hcrvea as part of the barrel of a pump; but the piston-ro) 
f^arries no piston at its extremity, and its transverse section 
•neomiri'B one-fourth of a square inch. The chamber or 
Piinp-trpe is connected with the water in the laige chamber 
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r or. pump-well E, by meana of an iron tube. Near D, in the 
, pnmp-tiee, you perceive a little valve, which rises and per- 
mits water to flow upward through it, when drawn by the 
pump in that direction, but shuts down again the moment it 
attempts lo return. Considerably above D, you see an open 
canal cut through the solid iron, and passing to the left. 
This canal communicates with a lai^e cylindrical chamber, 
represented as almost completely filled by a cylinder of solid 
iron, which descends into it from above, through an air-tight 
iron cap at G. This cylinder is in fact an enormous piston- 
rod, working in the great chamber. It carries on its summit 
a very strong and massive iron table, F, provided with grooves 
on its edge, which partially embrace the pillars H, I, and 
permit the table to slide freely up and down, when the great 
cylinder G is put in motion. In the middle of the little 
horizontal canal leading from the pump-tree D lo the cylin- 
drical chamber, you perceive another small valve, having a 
Blender helix-spring, which extends towards the chamber, 
and keeps the valve habitually closed by its elasticity. If 
water be forced from the pump-tree into t-he horizontal 
canal, its pressure will compress the helix-spring and push 
this valve open, so as to allow the water to flow towards the 
cylindrical chamber ; but the moment this water attempts to 
return towards the pump, the spring drives the valve into its 
place again, and closes the canal. At the bottom of the 
cylindrical chamber, another little canal is seen passing ho- 
rizontally to the. left for a short distance, then turning down- 
wards at a right angle, and entering the pump-well at K. 
When this canal is open, any water thrown into the cylindri- 
cal chamber will run back into the pum'p-well ; but at L you 
see a screw passing through the side of the machine, and 
formed into a smooth plug at its inner extremity; so that 
when tbis screw is lightened, the little canal is closed at its 
angle, and thus water is prevented at pleasure from escaping 
in this direction. 

492. We will now consider the action of the Cramah press 
when first put in motion. The two first valves being closed, 
one by its weight, the other by its spring, while the screw- 
valve at L remains open, the pump-handle A is raised, and 
by this means the greater part of piston-rod C is drawn out 
of the pump-tree chamber D. The pressure of the piston- 
rod on the air in the chamber being thus diminished, the 
water rises from the pump-well into the chamber D, to sup- 
ply the place of the rod (for reasons which will be explained 
when we speak of pneumatics), raising the valve t-j ^x^at- 
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ing upon it from below. The pump-handle is then defteaei) 
and of course the valve at D is instantly closed^ so as to pcetfi 
the return of the water. There is then more matter in tbe 
chamber D than there was at first, and as this gives lennxn 
for the piston-rod, its pressure must be increaKd, and a po^ 
tion of the air will be squeezed or driven out through ibe 
valve in the horizontal canal, which readily opens to gireJl 
])assage, but closes again to prevent its return. What the 
pump-handle is again raised, more water is, drawn into tke 
chamber D, and by repeating this process two or three tiBMy 
nearly all the air is expelled, and D becomes- nearly Mcf 
wtiXvT. As the pump continues to work; a quantity of water 
equal to the size of the piston-rod enters the pump-tree it 
every ascendin? stroke, and the same quantity is forced 
throup;h the horizontal canal into the great cylindrical diair^ 
ber, at every descending stroke of the handle A. The cylia- 
drical chamber being thus freely supplied with water, the 
screw K is tightened, and all escape from the cylinder ii 
thus prevented. 

49 3. The machine is now ready for use. Any thing thit 
we wish to subject to pressure is laid upon the iron table F, 
and over it are placed planks, masses of iron, or wedges of 
any other character thsit possess sufficient strength, until all 
the space between the cross-piece M N and the body to be 
pressed is occupied by unyielding solid materials. The 
pump is then again set in motion, and as the cylindrical 
chamber bt»comes gradually filled with Water, the great iron 
cylinder G is forced upward, making pressure upon the sub- 
stance upon which we wish to operate through the medium of 
the table F. When the resistance of the compressed substance 
has become so great that the table F can rise no farther, the 
pump is stopped ; but still the pressure is maintained; because 
the little spring-valve in the horizontal canal acts just as 
powerfully upon the M^ater in the cylindrical chamber as the 
piston-rod of the pump had previously done. Thus the force 
may be continued until the screw L is relaxed. 

•i-Ol-. We will now make a little calculation of the force 
of the Bramah press. Let the length of the pump-handle A 
be four feet, and the distance from the joint or fulcrum to 
the piston-rod six inches. By the law of the lever, this 
multiplies the power eight times. If the entire weight of 
two men, each weighing one hundred and fifty pounds, be 
thrown into action upon this lever, the force acting upon the 
piston-rod, neglecting the loss by friction, would be at least 
300x 8=*)400 pounds. Now, the horizontal section of the 



in this case does not exceed one-quarter 
1 ; and upon this small surface the whole foi 
the lever takes efiecC. But Ibrces applied lo bodies of liquid i 
are diffused equally through all parts of thoie bodies, and ad" 
equally in all directions. Therefore, the pressure on the 
surface of the chamber D with its valve, the horizonlal 
canals with their valve and plug, the cylindrical chamber, 
and the great iron cylinder, is equal to 2400 pounds on each 
fourth part of a square inch, or 9600 pounds on each square 
inch. The portion of this pressure which tends to elevate 
the table F, is that which acts perpendicularly upward 
against the lower extremity of the cylinder G; and if the 
transverse section of this cylinder measure 64 squsxe inches, 
the whole pressure exerted on the table F must amount lo 
9600X 64=614,4.00 pouuds, or 274 tons 5 cwt. 2 qr. 24 lb. 

495. It is not difficult, with this machine, lo bury a quire 
of paper into a wooden plank, and water has been forced 
by it through the pores of gold. It is said that the walet 
from the cylindricid chamber sometimes appears iu drops oni 
the outside of its thick iron walls ; as if the machine were 
actually perspiring with its excessive exertions. 

496. Though liquids have naturally level surfaces when 
undisturbed, because their particles press equally in all direc- 
tions, the surfaces of great lakes and seas are never absolutely 
level, because they are always disturbed, wholly or in part, 
by winds and other forces, which drive and pile up the 
water before them ; but the liquid perpetually seeks to return 
to a state of rest by stealing eff in any direction where the 
disturbing force does not act, or acta but feebly. This is the 
origin of currents, which perpetually tend to bring the fluid 
to its true level. The surface of the Gulf of Mexico is in- 
variably higher than the surface of the North Atlantic, or the 
water on the opposite shores of Africa, because certain con* 
stant forces connected with the revolution of the earth, 
which we are not yet fully prepared to explain, kepp tha, 
water piled up against the western shores of the ocean, 
within the tropics; but between the island of Cuba and the 
coast of Florida, these forces do not act to the same advan- 
tage ; and here the water steals out of the gulf in a gigantic 
and rapid stream, sweeping northward along the coast of the 
United States. Blow with your breath across a large tum- 
bler nearly full of water, and you will see a beautitul illu^ 
tratioa of the nature and source of the causes of currents; 
for the whole surlkce will be converted into two equal and 
opposite whirlpools by the joint action of the wind and IUa 
shores of this mimic lake. 
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497. The equality of (he prenufe of liquids ia all diieo* 
lions ia productive of muty other phenomena of great ha- 
portance, and capable of being foretodi by an acute reaaone^ 
without the aid of ezpetiioent, when the lawa- of fluid pret- 
sure are well understood ; but their dependence thereon ii 
not ao obvioui to a mere tyro in ibb study of phyaica, and it 
ia therefore neceaaary to gtve them^^ecial iUuatiation. 

198. Let A be B glass vessel nearly filled 
withwater or any other liquid; B,anopenglass 
tube of moderate dimenaions; C, the surface 
of the liquid; and D, apiece of metal, poliahed 
so as to cover the lower orifice of the tube and 
keep out the liquid, when applied. Let the 
weight of D l>c tixed ; — say one ounces Nowj 
if B be held perpendicularly In the air, 
and D be applied as in the figure, the latter 
will fall off; for there is no force in action 
to resist its gravitation. If B be held in its 
place until the tube ia lowered ao that the 
metal may -just touch the water, it will fidl 
and sink by its weighty because the water 
cannot press upward .against an abject exactly 
on its own level. Let the tube and met^lic 
plate be carried down a short distance below '''*■ '*■ 

tbegurface,uid then let D be left free. Still it will sink, because 
it still overbalances the upward pressure -of the liquid in the 
basin. Now, let the tube and metallic plate be earned deeper 
into the basin, until the solid content of that part of the ti^ 
which is below the general surlace of the liquid would hold, 
if filled from the basin, a weight of liquid exactly equal to 
that of the metallic plate, when the latter is above the sui^ 
&ce. You will at once perceive that if B were now removed, 
the preaaure of the liquid on the outside would force up a 
portion of liquid into the tube, which would fill it to the 
general level ; that is, the upward pressure at D would ai^ 
port a weight of fluid exactly equal to that of D; or, in other 
words, t( rAouM support tke weight of D ; which, therefiwe, 
could not sink. Under (ucb circumstances, the metal may 
be said to have tost all its weight, when the word weight u 
used in its vulgar sense. It fioatt against the end ci the 
tube more lightly than a cork on the surface; yet a few 
drops of water quietly placed on ita upper surface, witfaia 
the tube, would instantly cause it to aink, by increasing iti 
weight. If the tube were now driven still deeper into the 
liqmdf the upward pressure would continually inueaae ; the 
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^^^^ T) would press more and mere firmly against ll 
7-^^s *f the latter were long and strong enough to re 
^> V» j'^^' depth in the ocean, we might pour into th 



ft the glass i 
o reach lo a 

^ Vi j'"^"t ai'piii III iiii: ucea.li, we inigm pour inio the tube a 

,-^2,'^ pounds of quickMlver, or mercury, without driving 

V- ^^ and opening the lube. If we neglect tbe effect of the 

(^^^iire of fluids in inoreaiang their own density as they 

^^^ deeper, this esperiinent is explained at once by the 

■*^^* that the pressure of fluids increases directly as their 

"Plh. But we miwt here give you some other examples. 

" A, Fig. 190, repn ' 

esurface of water. What- 
ever the weight of this body 
■*iay be, it is evident that 
■he upward pressure of Ihe 
Vater must support it ; for 
olhef wise it would sink : 
And this upward pressure 
must be exactly equal to the 
ueight of the body ; for if it were less, Ihe body would not 
be fully supported, but would subside more deeply into Ihe 
water ; and if it were greater than the weight, it would 
push the body up higher, instead of balancing it. That part 
of the floating body which sinks below the water must ob- i 
vioiisly displace exactly its own bulk of the liquid ; and it is I 
obvious that trelbre the body touched the water, this san ' 
bulk of water was supported and kept at rest by the upwai 
pressure of the liquid around it, just as the floating bod 
itself i» supported and kept at rest. The water, therefon _ 
which has been displaced by the body, and which was praf J 
■viously exactly balanced by the upward pressure of the wat# A 
around it, must weigh esactly as much as the floating bodlf 1 
itself when weighed in the air. Therefore; A body fioattng \ 
vpon a liquid must displace a quantity of that liquid cTacl^ 1 
fial to ittelf ia weight, and is buoyed vp by an upwarm 1 
ressure exactly equal to the weight of this displaced liqviJl \ 
500. If we now suppose the body A to be render 
r by the continued addition of small pieces of lead 1 
le other substance more dense than water, until |t 1 
3 as to float with its uppermost point just in contmf 
Hth the surface, it will displace a quantity of water e 
b its whole buHi, and will be buoyed up by a force rqut 
V weight of that btilk. It may therefore be said to wei^ 
taking in -water, and will neither tend to sink nor i 
" e. If both the liquid and the solid body were absolutely 
wmpressible, this esact balance between them would M I 



preierved at all dejithi in the liquid, lor ereiyvliefeilirfi 
displace precitely iti own bulk oi water, which uttefwdjl 
be exactly balanced by the aurrouodiiig liquid pranie,if 
the body were not there ; and this preanire would ad ca At 
body t* xactly, and in all respects, as it acts upon the ■■ 
bulk of water before displacemeDt. Now the upward pro* 
sure of the liquid, having nothing to do with the natuiecf 
the immened body, but being dependent merely upoa iti 
bulk or the quantity of water which it displaces, it wOIhA 
be influenced by the density of the body, but will remunthe 
same under the same circumstances, whether the bodj k 
composed of cork or lead. Let us, then, suppose that A* 
Y\^. 190, is a piece of cork, which weighs about one-qnariff 
as much as the same bulk of water ; and let its weight be 
one ounce. If this body be thrust beneath the surface, it s 
evident that it must displace four times its weight oif tbe 
liquid ; consequently, the liquid will buoy it up with a forte 
e<]ual to four ounces; but, as it gravitates towards the earth 
as sirongly in the water as in the air, it still strives to sink 
by its own weight with a force of one ounce. The buoyant 
force overcomes that of gravity, and if the cork be leA free, it 
will rise with a force equal to the difference between these two 
contending forces ; that is, with a force of three ounces, U 
we may be allowed the expression, it has lost four times iti 
own weight by being immersed in water; for it has lost not 
only all its own one ounce of weight when placed in a 
balance, but it requires a weight of three ounces more to 
make its weight nothing in the water. Thus you see that 
when a body capable of jloating in any liquid is vhottf 
immersed in that liquid^ it loses a portion of its weight eqwl 
to that of its own bulk of that liquid. 

501. It is evident, then, that when a.body of the same rela- 
tive W(Mght with any liquid, is immersed therein, it loses a 
weight equal to that of its own bulk of the liquid, because 
it displaces just that bulk, and loses just the whole of its 
own weight. 

502. Let us now suppose tho body A, Fig. 190, to be 
cotitix>s(ul of topaz; a gem that is about four times heavier 
than water. The body would then sink in water, displacin^r, 
as it eittered, its own bulk of the liquid ; but it would be 
subject to tlie same amount of upward pressure as if it were 
eittier ligliter or Iieavier; for it is the gravitation of the fluid, 
and jiot that of the body, that determines this pressure. Now, 
the tojKiz, having the same form as the cork in the former 
^Periment, will displace the same quantity of water, and 




v'M therefore be Bubjected to the same amount of upward 
pressure when immersed : and that amouot baa beea shown 
■.o be four ounces (4.99). The topaz would, therefore, weigh 
^our ounces less in tlie water than it does in ihe air. But, 
as has been slated, it is relatively four times heavier than 
\^'ater, and must, therefore, weigh 16 ounces in the air, and 
V2 ounces in the water; — the difference of these weights 
biing the amount of the upward pressure of the liquid, which 
is equal to the weight of the displaced water. Hence you 
perceive that the law laid down at the end of the 499th 
paragraph may be extended to all bodies, whether relatively 
heavier or lighter than the liquid. Let us give it this gene- 
ral expression : Ant/ body immersed in any liquid lonei a 
portion of iCg weight equal to the weight of a simiiar bulk 
of that liquid. 

503. This rule would be equally applicable, even were 
liquids obviously compressible by their own weight, bo as to 
be more dense or relatively heavy at the bottom of the ira- 
mersed body than they are at its upper surface ; for the 
body would still displace its own bulk of the liquid, which 
weight, previously to the presence of the body, had been 
exactly balanced by the upward pressure of the surrounding 
liquid, and this upward pressure would therefore take effect 
to the same extent upon the body itself. Now, you know 
that the only dynamic difference between airs or gases — 
aeriform fiuids, as they are called — consists in the greater 
expansibility and consequent compressibility of the latter, 
wbich causes them to increase in density much more ra- 
pidly than the former, in proportion to their depth. There- 
fore, the law just laid down may be extended to aeriform 
fluids as well as liquids: and we beg you carefully to com- 
mit this law to memory, as soon as you thoroughly uuder- 
stattd il, in its follou-ing most simple and general form. 

504. A body immersed in any fluid loses a portion of its 
weii;ht equal to Ihe weight of a similar bulk of that^uiff. 

505. As the difference between the weight of a body 
when surrounded by nolking, or placed in empty space, and 
its weight when immersed in a fluid, measures the weight of 
an equal bulk of the fluid, it follows that, in order to disco- 
ver the relative weight of any body, compared with that of 
any fluid, it is only necessary to ascertain the absolute weight 
of the body, and then, weighing it again in the fluid, divide 
the absolute weight by the difference of these weights. The 
result will he the relative weight of the body when com- 
pared with the fluid; iiir it will show how many limes the 
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weight of the latter is contained in that of the fonner. T!h«, 
suppose the cork A, Fig. 190, to weigh one ounce when srn^ 
rounded by empty space, which physical philosophers call 
vacuum ; suppose it also to require this ounce and an addi- 
tional weight of three ounces to immerse it in water. The 
difference betwf en these weights, which is the weight of a 
bulk of water equal to the size of the cork, is four ounces. 
Divide the former weight by the latter, and the dividend, 
one-quarter, will express the relative weights of cork and 
water. Again : a topaz weighing twelve ounces in water is 
found to weigh about sixteen ounces in a vacuum. The dif- 
ference — ^four ounces — represents the weight of an equal 
bulk of water. Divide the weight in vacuo by this differ- 
ence, and we have the number 4> to represent the relative 
weight of topaz, when compared with that of water, under 
all circumstances. 

506. You perceive that, in these experiments, we compare 
the weights of equal bulks of different substances with each 
other, and obtain numbers which express the proportions 
which these weights bear to each other. This gives us a 
most valuable power of arithmetical calculation; for in- 
stance, if we assume water as a standard or unit, the weight 
of a cubic inch or cubic foot or any other given quantity of 
water being called 1, the weight of a corresponding quantity 
of topaz will weigh four times that amount, and a like quan- 
tity of cork will weigh one-quarter that amount. Now, if 
we form a scale of such relative weights, by comparing all 
substances with water or any other fluid standard, and if we 
know, by actual experiment, the absolute weight of any 
given quantity of the standard, we can ascertain, by mere 
multiplication and division, the weight of any quantity of 
any other substance, provided we know its bulk or size. 
Such scales have been formed, and it has been found most 
convenient to adopt the 0.001 part of a cubic foot of pure 
water, at the temperature of 40 degrees of Fahrenheit, as 
the unit or standard for solids and liquids, because a cubic 
foot of that liquid, at that temperature, and in the ordinary 
condition of the atmosphere, weighs almost precisely 1000 
ounces avoirdupois ; and its 0.001 part, therefore, weighs 1 
ounce. In the appendix, you find a list of the relative 
weights of a multitude of substances calculated upon this 
scale. Aeriform fluids may be reduced to the same scale, 
and some of these appear in the table, but the gases are so 
extremely light when compared with water, that it is more 
usual \o compare them with atmospheric air, taking the 
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Weight of air at an averse temperature and condition of 
the atmosphere, as the uiiit of the scale. 

507. Aa we have continual occasion to speak of the rela- 
tive weights of bodies, we feel ihe want of a short term lo 
pxpresa this idea : — llie retalion in quantity between the 
weight of any bulk of matter of any kind, wken compared 
icilh that of an equal bulk of some other kind of matter, 
ckoten as a standard, the relative weight of the latter being 
considered at the unit of the scale of comparison : The term 
chosen to express this idea is Specific Gravity. Endeavour 
to understand this explanation clearly, and then you may be 
contented with remembering Ihe following practical defini- 

508. The specific grainCy of a body is the number ex- 
pressing ils relative weight when compared with Ihe weight 
of an equal bulk of some other subslance chosen as a standard. 

509. The common standard of specific gravity for solids 
and liquids, is water at its point of greatest density. 

510. Specific gravity is a measure of density ; for density 
depends on the quantity of matter contained in a given space, 
and so does relative weight. Therefore, specific gravity, 
e.xplained in the shortest possible phrase, is — Ike relation of 
might. 

511. The denser of any two fluids — that is, the one hav- 
ing the greatest specific gravity — if the two cannot combine 
with each other, will always endeavour to settle down and 
assume the lower position, thus obliging the lighter to rise 
above it ; and the cohesion of solids alone prevents them 
from displayii^ the same tendency, by rendering their par- 
ticles relatively immoveable by the force of gravity. But 
miK together equal quantities of sand, wheat, and chaff; 
place them upon a deep dish, and agitate the dish for some 
time, by drumming smartly wif li the hand on its under surface, 
and you will then find most of the sand at the bottom of the 
dish, most of the wheat on the surface of the sand, and 
most of the chaff on the surface of the wheat, in the order 
of their specific gravities. Mix, in a bottle, a quantity of 
mercury, iron filings, muddy water, fine sand, sawdust from 
bos-wood or lignum uitte, and small pieces of cork. Having 
shaken them till thoroughly wet, add olive oil; shake Ihe 
bottle again violently until all are completely mixed, and let 
il stand at rest for an hour. All these substances will Ihen 
he found arranged in strata according to the order of their 
specific gravities; namely, 1, mercury, at Ihe bottom; 2, 
iron floating on the mercury ; 3, sand ; 4, mud ; 5, water ; 
6, box-wood or lignum vitse; 7, oil', 8, toiV. Xcos. "tOKj 
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now pour a little alcohol on the surface of the «il.: B will 
remain there, but the cork will rise through it and take the 
upper place. By great care and skill, you might place above 
these a stratum of carbonic acid gas, another of atmospheric 
air, and a third of hydrogen gas, — which would remain sepa- 
rate for a time. Here, then, you have the same principle 
displayed in twelve difierent strata, some solid, some liquid, 
and some gaseous. 

512. The word medium is used to express the space or sub- 
stance by which a body is immediately surrounded : thus, 
vacuum is a medium offering no resistance to light ; air is the 
medium in which we move ; water is the medium in which 
fishes reside. To ascertain the specific gravity of a body, 
we commonly weigh it first in one of these two last-named 
mediay and then in the other. 

513. You perceive that when -a body is placed in a me- 
dium of less than its own density or specific gravity, it 
sinks — if of greater, it rises. But bodies that are compressi- 
ble (and what bodies are not ?) may have their density in- 
creased by the application of force or diminished by the 
removal of forces already acting upon them. Take a bottle- 
cork, pass a string through it, and suspend thereto a very 
small scale or pan of sheet-metal, taking care that the specific 
gravity of the scale and cork together shall be less than that 
of water. Place this apparatus in a deep vessel of water, 
and it will float. Load the scale gradually with sand until it 
sinks the top of the cork nearly to the level of the liquid. 
The specific gravity of the whole apparatus is then about 
equal to that of water. Now, tie a string tightly round the 
cork. This will compress it, render it more dense, or in- 
crease its specific gravity, and it will sink. Then cut the 
string, and the cork will again expand, become rarer or less 
dense, diminish in specific gravity, and it will rise. 

514. Aerial fluids are very compressible. Let Fig. 191 
represent a long glass vessel containing water, and covered 
with bladder, so as to be air-tight. Let A be a small glass 
flask with its mouth inverted, containing air enough to ren- 
der it specifically somewhat lighter than water, even when 
the little image seen in the figure is suspended to it ; and lt*t 
there be a free communication between the cavity of the 
flask and the water, through the neck. If now you press 
firmly on the bladder with your finger, the air above the 
water in the vessel will be compressed and will react upon the 
water, the upward pressure of which, through the neck of the 
i9adf^ will he increased. This upward pressure will react 
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ible air within tho Hagk, 
, 'it denser, increasing the specific 
T the whole apparatus until it be- 
eater than that of water, and it 
Take offyour finger, and the air 
ik will expand, and again cause this 
" DB to rise. When very nicely 
■3 toy may be made to float when 
i the surface, yet may be incapable 
I when thrust to the bottom. 

xm is a great bag of 
wnded by a net of cord, carrying 
thle of holding one or more men. 
fjs gradual ly filled wit h hydrt^en gas, 
»the specific gravity is only l-13lh 
pteat as air, ontil the specific gravity 
■hole apparatus, together with the traveller 
A his ba^ji^, becomes less than that of a: 
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plloons is usually obtained by pouring diluted sulphti- 
I upon filings of iron in barrels, which c»)^« * ftft- 
80- 



Lne upon it tr^m below. The pamp-huidle is then deprand, 
and oi crxir^ th'* valve at D is instantly eland, so as to pretent 
ih«» r-turn of th-? ^"ater- There is then more matter in the 
chamSr D thin th*riv was at fir^« and as this gives lesroon 
f r th -■ piOc-rori, its preasiire must be increased, and a p(»- 
tion of thr* air will be squeezed or drivm out through the 
valve in the horizontal canal, which readilv opens to give ii 
r^ssaz-^, but clocrs again to prevent its return. Whcu the 
pi:mp-handle is azaia raised, more water is drawn into the 
chamber D. and by repeating this process two or three timei, 
n-.arly all the air is expelled, and D beccHnes nearly full of 
wit-r. As th-? pump continues to woiir, a quantity of witff 
♦ q'jal to the size of the piston-rod enters the pump-tree it 
evt-ry ascending stroke, and the same quantity is ferced 
throuzh th? horizontal canal into the great cylindrical cham- 
ber, at ovory descending stroke of the handle A. The cylin- 
drical chamber being thus freely supplied with water, the 
scrow K is tightened, and all escape frixn the cylinder is 
thus prevented. 

40.S. The machine is now ready for use. Any thing thit 
we wish to subject to pressure is laid upon the iron table f, 
and ovi-r it are placed planks, masses of iron, or wedges of 
any other character that possess sufficient strength, until all 
the space between the cross-piece M N and the body to be 
pressed is occupied by unyielding solid materials. The 
pump is then again set in motion, and as the cylindrical 
chamber becomes gradually filled with t^'ater, the great iroD 
cylinder G is forced upward, making pressure upon the sub- 
stance upon which we wish to operate through the medium of 
the table F. When the resistance of the compressed substance 
has become so great that the table F can rise no farther, the 
pump is stopped ; but still the pressure is maintained; beotuse 
the little spring-valve in the horizontal canal acts just as 
powerfully upon the water in the cylindrical chamber as the 
piston-rod of the pump had previously done. Thus, the force 
may be continued until the screw L is relaxed. 

494. We will now make a little calculation of the force 
of the Bramah press. Let the length of the pump-handle A 
bo four foet, and the distance from the joint or fulcrum to 
the piston-rod six inches. By the law of the lever, this 
multiplies the power eight times. If the entire weight of 
two men, each weighing one hundred and fifty pounds, be 
thrown into action upon this lever, the force acting upcmthe 
pifrton-rod, nep;lecting the loss by friction, would be at least 
:iOO y H _ 2^.00 pounds. Now, the horizontal section of the 
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C. If, tlien, wc pour water into C, until the mercury is drivel 
down to the curve of the tube at E, the woter will etand 
13.6 times as high alwve the bend In one branch aa the mer- 
cury will in the other branch. That is: the heights of in- 
compressible li^jiiids in tvbes comvninicating with each other, 
measured from their surfaces t\f eontael, are inverKly pro- 
porlional to their relative dcnsilieg or tpecijte gravities. 
Let both arms of such a bent tube he marked with corre- 
sponding scales of equal parts, divided into inches and parts 
of an inch. Then, upon filling the tube with mercury to a 
certain height, and afterwards pouring into either arm any 
liquid which does not act chemically upon mercury, you 
have the means of determining, by simple inspection, the 
relative heights of the columns of the two liquids above the 
surface of contact between them; and, these lengths being 
inversely proportional to their relative densities, if we divide 
(he length of the liquid which we are testing, into that of 
the column of mercury above the surface of contact, the 
result will be'the specitic gravity of this liquid when com- 
pared with mercury as a standard. If this result be mul- 
tiplied by 13.6, which is the specific gravity of mercury 
when compared with water, the result will be the specific 
gravity of the tested fluid,a!so compared wilh water. Such 
an iostrument will answer many purposes in the arts. 

519. There are many machines employed for the purpose 
of ascertaining specific gravities. Those of solid boilies 
heavier than water are usually obtained by means of a deli- 
cate weighing-beam and two well-balanced scales — Fig. 
] 94,beneat h one of which — — __j. 



there is a small metallic 
hook. In this scale, the 
body is first weighed in 
air, and ils weight noted. 
It Is Ihen suspended from 
the hook by a hair or 
thread, and is again 
weighed in water. The 
difference between these 
weights being divided 
into the former weight, give 
body. 

520. A very ingenious instrument for obtaining specific 
gravities was invented, many years ago, by Benjamin Hornor 
Coates, M. D., of Philadelphia, and is described in the Jour- 
nal of the Academy of Natural Sciences of Philadelphia. 
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i the specific gravity of the 
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.M>e until it reuhes the bend, B, flon-s over, and fiU« ll» 
JpDKorm. The 6nger 13 then remoTed, There are now two 
iSpluiniii of water ia the two aims of the svphon, both tni- ' 
fcg to fall by their gravity. The liquid between A andflio I 
level of the surface at B, is exactly balanced by the hyito- I 
static (iresiure of the liquid ia the vessel ; but the coliina 
from E tQ B endeavours to fall hack into the reBersoir, while 
^t from B to C endeavours to fell out at the orifice, C. Ttw 
jcessure of the atmosphere prevents the two columns from 
puling &t B, which would create a vacuum ; and, axm- 

Kiently, the longer column overbalancing the shorter, the 
Iter is compelled to follow the motion of the former,— 
while, for (he same reason, the fluid rushes from the vfSBe[ 
into the lube at E, to supply its place. Thus, a current jim- 
portional (o the difiercuce between the perpendicular heighl 
of B £, and B C, is completely wtablished, and the vessel 
n emptied. 

570. Intermitting springs and wells are best explaiaed upon 
the principle of the syphon. Lei Fig. 
21 1 reprev nt the section of part of a 
mountain, containing a cave or basin 
within it, capable of holding water. 
Also, let nuinerouB crevices in the rock 
or soil above, convey the water of ra 
or springs into this cavily, and let there 
be an outlet in Ihe form of a syphon, 
formed by the rocky strata, descending, 
as is represented in the figure, to A. Fig.aiL 

The water, draining from the soil of 
such a mountain side, and desccndii^ into the cavity, will 
be detained there as in a basin; nor can it find an outlet 
until the syphon-like passage is filled with water up to iU 
superior bend. It will then flow over and fill the remainder 
of the passage, down lo A, and there the hydrostatic pres- 
sure of Ihe column will force the water upward through the 
soil, to form a spring. But, as this passage plays the part of 
a true syphon, the spring will not cease to flow until all the 
water in the cavily ia drained away. Then the flow must 
cease ; nor can it be renewed until the cavity becoroes fillei 
again by fresh collections of water from above. Such a 
spring may flow very frequently during the spring and fall, 
and seldom, if at all, in the middle of summer. The phe- 
nomena of ebbing and flowing wells, and the irruptions of 
steam and boiling water, such as occur regularly in the hot 
^ings of Iceland, may be explained on Ihis principle, and 
■"^y be imilaled by art. 
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plate D would prcm more and more firmly 3g;ainsl (he glius; 
and ir the tatter were long and strraig enough to reach to a 
tufficient depth to the ocean, we might pour ioto the tube m 
hundred pounds of qoickailver, or mercury, without driving 
it off and opening the tube. If we neglect the effect of the 
pressure of fluids in increasing their own density as they 
grow deeper, this experiment is explained at once by the 
law that the pressure of fluids increaaes directly as their 
depth. But we must here give you some other eitamples. 

4-99. Let A, Fig. 190, represent a light body Booting on 
the surface of water. What- 
ever the weight of this body 
may be, it is evident that 
the upward pressure of the 
water must support it ; for 
otherwise it would sink : 
And this upward presgiire 
MB«( be fxaelly equal to the 
weight of the body ; for If it were less, the body would not 
fee fully supported, but would subside more deeply into the 
water ; and if it were greater than the weight, it would 
push the body up higher, instead of balancing it. That part 
of the floating body which sinks below the water must ob- 
viously displace exactly its own bulk of the liquid ; and it is 
obvious that before the body fooched the water, this same 
bulk of water was supported and kept at rest by the upward 
pressure of the liquid around it, just as the floating body 
itself is supported and kept at rest. The water, therefore, 
which has been displaced by the body, and which was pre- 
viously exactly balanced by the upward pressure of the water 
around it, must weigh exactly as much as the floating body 
itself when weighed in the air. Therefore; A bodyjioating 
upon a liquid must diii^lace a quantity oflkat liquid exactly 
equal to itself in leeight, and i» buoyed vp by an vpteard 
preiture exactly eqval lathe weight of this ditplaced liqvii!, 

500. If we now suppose the body A to be rendered 
heavier by the continued addition of small pieces of lead 
or some other substance more dense than water, until it 
sinks so as to float with its uppermost point just in contact 
with the surface, it will displace a quantity of water equal 
to its whole butt, and irlll be buoyed vp by afotce equal to 
the Keight of that bvlk. It may therefore be said to ueigh 
nothing in water, and Will neither tend to sink nor to 
rise. If both the liquid and the solid body were absolutely 
incompressible, this exact balance betweeu t.Vii\"«ovAi \ift 
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dwrhT'^ fveoKl J iu on bi& of 

be euctlv babiwr^^ by tlw ^ - -■-■'^^-g liqnd ptHR^if 
tli« lodj were not there : and this |in.—m woold wA a Ae 
Ygadj txacti Vy and in ail respects, us h acU apoa the ■■> 
UiJk of wwltr Wfibre diqubcpmcnt. Nov the oprad fnr 
«ir« of the liquid, haTiug nothing to do with the aibiccf 
the Imtrgcntd body, biA being dependent merely qna id 
bulk or the quaantj of water whicJi it diqibces, it wifliot 
be influenced bj the denatj of the bodj, bat will mniiitte 
ante under the ame drcumitancea, whether the bodf fe 
corripoaed of cork or lead. Let in, then, wppoa tki A, 
Y'tr. 190, is a piece of cork, which we^^ about one^mter 
u much as the same bulk of water ; and kt its weiglit bv 
one ounce. If this body be thrust beneath the rarface, il a 
evident tbat it nuMt ditpkre four times its weight d the 
liquid ; consequently, the liquid will buoy it up with a fcrce 
equal to four ounces; but, as it s^vitatea towards the eutk 
as lAroiigly in the n-ater as in the air, it still strides to aok 
by its own weight with a force of one ounce. The buojani 
force overcomes that of gravity, and if the cork be left free, A 
will rise with a force equal to the difierence between these two 
contending farces ; that is, with a force of three ounces. If 
we may be allowed the expression, it has lost four times iti 
own weight by being immersed in water; for it has lost not 
only all its own one ounce of weight when placed in t 
l>a lance, but it requires a weight (^ three ounces more to 
make its weight nothing in the water. Thus you see tbit 
when a body capable .of footing in any liquid is vhollf 
immersed in thai liqvidy il loses a portion of its weight Cfvsl 
to that of its own bulk of that liquid, 

r)0] . It is evident, then, that when a.body of the same rela- 
(iv(; weight with any liquid, is immersed therein, it loses t 
wi-i^ht equal tu that of its own bulk of the liquid, because 
it (liHplucos just that bulk, and loses just the whole of its 
own weight. 

tiiVl. Lft us now suppose the body A, Fig. 190, to be 
(-nih)NiN(*(l (jf tof)az; a gem that is about four times heavier 
lliiiii w III IT. The body would .then sink in water, displacing, 
UN it entered, itN own hulk of the liquid ; but it would be 
MilijtM-t to the NUine amount of upward pressure as if it wore 
«'iilier lighter or heavier; for it is the gravitation of the fluid, 
uihl Hot thiii ofthe iKxly, that determines this pressure. Now, 
the lojiu/, hiiviug the same form as the cork in the former 
•*^pei-iuieiit, will displace the same quantity of water, and 



■vill therefore be Ruhjecled to the same amount of upward 
ir>~-ssure when itnnicrsed : and that amount has been shown 
' be foiir ounces (i99). The topaz would, therefore, weigh 
nil* ounces less in the water than it does in the air. Sut, 
.. has been stated, it is relatively four times heavier than 
u^ler, and must, therefore, weigh 16 ounces in the air, aod 
1- ounces in the water; — the difference of these weights 
bt'ing the amount of the upward preBSure of the liquid, which 
is equal to the weight of the displaced water. Hence you 
perceive that the law laid down at the end of the 49!lth 
par^sc^ph may be extended to all bodies, whether retatively 
' heavier or lighter than (be liquid. Let us gi?e it this gene- 
ral cspreEsion ; Ajij/ bodi/ imiaertcd in any liquid loies a 
' portion of its weiglit tqual to the xceight of a timilar bulk 
of that liquid. 

503. This rule would be eijually applicable, even were 
liquids obviously compressible by their own weight, so as to 
be more dense or relatively heavy at the bottom of the im- 
mersed body than they are al its upper surface ; for Ihe 
lx>dy would still displace its own bulk of the liquid, which 
weight, previously to the presence of the body, had been 
exactly balanced by the upward pressure of the surrounding 
liquid, and this upward preesurit would therefore take effect 
to the same extent upon the body itself. Now, you know 
that the only dynamic difference between airs or gases — 
aeriform fluids, as they are called — consists in the greater 
expansibihty and consequent compressibility of the latter, 
which causes them to increase in density much more ra- 
pidly than the former, in proportion to their depth. There- 
fore, the law just laid down may be extended to aeriform 
fluids as well as liquids: and we beg you carefully to com- 
mit this law to memory, as soon as you thoroughly under- 
stand it, in its following most simple and general form. 

I)04i. A body immersed in any fluid loses a portion of its 
weight equal to the weight of a similar bulk of that /uid. 

505. As the difference between the weight of a body 
when surrounded by nothing, or placed in empty space, and 
its weight when immersed in a fluid, measures the weight of 
an equal bulk of the Buid, it follows that, in order to disco- 
ver the relative weight of any body, compared with that of 
any fluid, it is only necessary to ascertain the absolute weight 
of the body, and then, weighing it again in the fiuid, divide 
Ihe absolute weight by the difference of these weights. The 
result will be the relative weight of the body when com- 
pared with Ihe fluid ; for it will show how nian^ Umei\!Ba> 
20 
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MHK'of th« latter is contaio^d id ibatorthtta 
■jpta 1h« cotV a, Kig;. 190, to weigh one ouvctjj 
imiiidrd by emply space, which physical philoiT 
ratvinn; suppose it *lso to require this ounMil 
lional weight of three ouaces to immer«e it io4 
difference Mwten these weights, which '» lb*3 
bulk or water e<)ual to the size of the cork, iatt 
Divide the former weight by the latter, and ftif " 
one-quarter, will express the relatiYe weights of cm* 
water. Again : a topaz weighing twelve ouncei i""*? 
found to weigh about sixteen ounces in a -vacuum- "IVa 
Terence — four ounces — represents the weight of 5^^ 
bulk of water. Divide the weight in vacuo by ftu M 
enee, and we have the number 4 to represent the nl 
weight of lopaz, when compared with that of wiUt,i 
all circumstances. 

506, You perceive that, in these experimenls, weco 
the weightG of equal bulks of different substances tvill 
other, and obtain numbers which express the prop 
which these weights l)ear to each other. This giv 
most valuable power of arithmetical calculation; 
stance, if we assume water as a standard or unit, the 
of a cubic inch or cubic foot or any other given quai 
water being called 1, the weight of a corresponding (\ 
of topaz will weigh four times that amount, and a lik 
tily of cork will weigh one-quarter that amount. I 
we form a scale of such relative weights, by compa 
substances with water or any other fluid standard, an 
know, by actual experiment, the absolute weight 
given quantity of the standard, we can ascertain, b 
multtpl I cation and division, the weight of any quai 
any other substance, provided we know its bulk 
Such scales have been formed, and it has been four 
convenient to adopt the 0.001 part of a cubic foot ■ 
water, at the temperature of 40 degrees of Fahren 
the unit or standard for solids and liquids, because . 
fool of that liquid, at that temperature, and In the o 
condition of the atmosphere, weighs aljnost precisel 
ounces avoirdupois; and its 0.001 pari, therefore, w 
ounce. In the appendix, you find a list of the 1 
weights of a multitude of substances calculated up 
scale. Aeriform fluids may be reduced to the sam* 
and some of these appear in the table, but the gases 
uimliT'^ light when compared with water, that it 
■1 compare them with atmospht ' ' "' 
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■^^s"?^ cf air at an average temperature aod condition of 

SQ^*»05phere, as the unit of the scale. 
V^ '- As we have continua! occaaioa to speak of the rela- 
^^j.^*'*^*ghta of bodies, we fotl the want of a short term to 
*^i^^^ this idea: — Ihe relation in qtianlity bclteeen the 
^*-i]r ^ °/ ""y ^"'A' if mailer of any kind, whea compared 
^A^' 'Ao; of an equal bulk of some other kind of matter, 
~5ij,^i as a Handard, the reiative \Beight of Ihe latter being 
^i^^^'^cred as the unit of the scale of comparison : The term 
V^ *eii (0 express (his idea is Specific Gravitv. Endeavour 

\x ^liideratand this explanation clearly, and then you may be 
y^. Iteoied with remembering the following practical dt'fini- 

508. The specific gramly of a body is the number ex- 
Weasing its relative weight when compared with the weight 
^an equal bulk of some other substance chosen as a standwd. I 
^ . 509. The common standard of specific gravity for solidS- | 
% tad liquids, ia water at its point of greatest density. 

510. Specific gravity is a measure of density ; for density 
dq)ends on the quantity of matter contained in a ^iveu space, 
and so does relative weight. Therefore, specific gravity, 
explained in the shortest possible phrase, is — the relation of 

511. The denser of any two fluids — that is, the one hav- 
ing the greatest specific gravity — if the two cannot combine 
with each other, will always endeavour to settle down and 
assume the lower position, thus obliging the lighter to rise 
above it; and the cohesion of solids sdone prevents them 
from displaying the same tendency, by rendering their par- 
ticles relatively immoveable by the force of gravity. But 
mix together equal quantities of sand, wheat, and chalT} 
place them upon a deep dish, and agitafe the dish for some 
time, by drumming smartly with the hand on its under surface, 
and you will then find most of the sand at the bottom of the 
dish, moat of the wheat on the surface of the sand, and 
most of the chaff on the surface of the wheat, in the order 
of their specific gravities. Mix, in a bottle, a quantity of 
mercury, iron filings, muddy water, fine sand, sawdust from 
box-woi3d or lignum vita, and small pieces of cork. Having 
shaken them till thoroughly wet, add olive oil : shake the 
bottle again violently until all are completely mixed, and let 
il stand at rest for an hour. All these substances will then 
be found arranged in strata according to the order of their 
specific gravities; namely, 1, mercury, at the bottom; 2, 
iron floating on the mercury ; 3, sand ; +, mud ; 5, waljCT •, 
6, box-wood or lignum vid ; 7, oil -, 8, toiV. \c«i TOa."3 
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aMrpcMriKKle alcohol on Ihe •iiriac€a(lb(A,},^\^| 
nwua lh«e, but tb« eork wiU nte ihronEh i "W™' I ■ 
pppw place. BygrMi carewiddBll.rwin^T'^ 
(fine B itntum of carbotiic acid ea*, uwUki << """^"^ m 
air, and a thirdof hydrogien gas,— which wotHkiWI't I ^™ 
mv for I IJme. H^rc, th«n, you bare the am 7'^\mM 
displavfcl in twelve different cinta, wjme solid, »i«»^ 1 
and «me gaseous. , I 

5Ii. The word wdirm is used to exprea (he 'I**''!^ \t« 
ilaiKe by which a body is immediately (urroundri-^\ 1 
vacuum u a medium offering no reGistance to light . w"* \ 
medium in which we moTe ; water is the medium in "W* \ 
fishes reside. To ascertain the specific gravity of »t«iii 1 
we commonly weigh it first in one of these two 1: 
Media, and then in the other. 

513, You perceive that when a body is placedinii*" 1 
dium of less than it* own density or specific gravitj, il 
nnlo — if of greater, it rises. But bodies that are contpn* 
ble (and what bodies are not !) may have their density in- 
creased by the application of force or diminished bj the 
removal of forces already acting upon them. Take a Wtle- 
corlc, pass a strii^ through il, and suspend thereto a vuy 
small scale or pan of sheet-metal, taking care that the specific 
gravity of the scale and cork t<^cther shall be less thsa ihst 
of water. Place this apparatus in a deep resel of wilfr, 
and it will float. Load the scale gradually with ^and notilit 
sinks the top of the cork nearly to the levei of the liquiJ- 
The specific gravity of the whole apparatus is then alxwl 
equal to that of water. Now, tie a string tightly round thf 
cork. This will compreEs it, render it more dense, or in- 
crease its specific gravity, and it will sink. Then cut the 
string, and the cork will again expand, become rarer or Its 
dense, diminish in specific gravity, and i( will rise. 

514. Aerial fluids are very compressible. Let Fig. 191 
represent a long glass vessel containing water, and covered 
with hladder,so as to be air-tight. Let A be a small gl^ 
flask with its mouth inverted, containing air enough to ren- 
der it specifically somewhat lighter than water, even when 
the little image seen in the figure is suspended to it ; and M 
there be a free communication between the cavity of the 
flask and the water, through the neck. If now you prfsf 
flrmly on the bladder with your finger, the air above the 
water in the vessel will be compressed and will react Upon t!i( 
Water, the upwardpressureof which, through the neck of Uii 
iiBBk, will be increased. Tliia upward pressure will reac 
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rconpressible air wilhio the flask, 
f it denser, increasing the specific 
It the whole appnratua until it be- 
iFeater than that of water, and it 
i. Take off your finger, and the air 
Hkwill expand, and og'.tin cause this 
Sloon to rise. When very nicety 
this toy may be made to float when 
i the surface, yet may be incapable 
^when thrust to the bottom. 
tk common balloon is a great bag of 
bunded by a net of cord, carrying 
»ble of holding one or more men. 
ia gradually filled wilh hydrcgen gas, 
tthe specific gravity is only 1-1 3th Fi 

feat as air, until the specific gravity 
fhole apparatus, together with the traveller 
fi his baggage, becomea less than Ihat of a 




Hjloons IB usually obtiuned by pouring diluted mil^ihit- 
I npon filings of iron in bariTls, w\\\t\\ cariaei ^ 4a- 
90' 
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in^ upon it from below. The pump-handle n then dq 
and of course the valve at D is instantly closed, so as to ] 
the Mum of the water. There is then more matter 
chamber D than there was at first, and as this gives le 
for the piston-rod, its pressure must be increaKd, and 
tion of the air will be squeezed or driven out throi 
valve in the horizontal canal, which readily opens to 
passage, but closes again to prevent its return. Wl 
pump-handle is again raised, more water is drawn ij 
chamber D, and by repeating this process two or tbxe( 
nearly all the air is expelled, and D becomes nearly 
watfT. As the pump continues to worlr, a quantity o 
equal to the size of the piston-rod enters the pump 
every ascending stroke, and the same quantity is 
through the horizontal canal into the n^at cylindrical 
her, at every descending stroke of the nandle A. The 
drical chamber being thus freely supplied with wat 
screw K is tightened, and all escape from the cylii 
thus prevented. 

493. The machine is now ready for use. Any thii 
we wish to subject to pressure is laid upon the iron t 
and over it are placed planks, masses of iron, or we( 
any other character that possess sufficient strength, u 
the space between the cross-piece M N and the bod; 
pressed is occupied by unyielding solid materials, 
pump is then again set in motion, and as the cyli: 
chamber b(»comes gradually filled with u-ater, the gre 
cylinder G is forced upward, making pressure upon tl 
stance upon which we wish to operate through the med 
the table F. When the resistance of the compressed sul 
has become so great that the table F can rise no farth 
pump is stopped ; but still the pressure is maintained; l: 
the little spring-valve in the horizontal canal acts , 
powerfully upon the water in the cylindrical chamber 
piston-rod of the pump had previously done. Thus th< 
may be continued until the screw L is relaxed. 

494. We will now make a little calculation of thi 
of the Bramah press. Let the length of the pump-hai 
be four feet, and the distance from the joint or fulci 
the piston-rod six inches. By the law of the leve; 
multiplies the power eight times. If the entire wei 
two men, each weighing one hundred and fifty poui 
thrown into action upon this lever, the force acting up 
piHton-rod, neglecting the loss by friction, would be a 
3(K) X 8 — i>4()0 pounds. Now, the horizontal section 
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piston-rod ia this coae does not exceed one-quarler of a 
square inch ; and upon thi^j small nuface the whole force of 
the lever takeg effect. But forces applied to bodies of liquid 
are difTiiaed equally through all parts of those bodies, and act 
equally in all directions. Therefore, the pressure on the 
siuface of the chamher D with itit valve, the horizontal 
canals with their valve and plug, the cylindrical chamber, 
and the ^real iron cylinder, ii equal to ^^OO pounds on each 
fourth part of a square inch, or 9UO0 pounds on each square 
inch. The portion of this pressure which tend* to elevate 
the table F, is that which acts perpendicularly upward 
against the lower extremity of the cylinder G; and if the 
transverae section of this cylinder measure 64 square inches, 
the whole pressure exerted on the table F must amount to 
9600 X 64=614,400 pounds, or 974 tons 5 cwt. 2 qr. 24 lb. 

495. It is not difficult, with this machine, to bury a ijuire 
of paper into a wooden plank, and water has been forced 
by it through the porea of gold. It is said that the n-ater 
from the cylindrical chamber sometimes appears in drops on 
the outsde of its thick iron walls ; as if the machine were 
actually perspiring with its excessive exertions. 

496. Though liquids have naturally level surfaces when 
undisturbed, because Iheir particles press equally in all direc- 
tions, the surfaces of great lakes and seas are never absolutely 
level, because they are always disturbed, wholly or in part, 
by winds and other forces, which drive and pile up the 
water before them ; but the liquid prpetually seeks to return 
to a state of rest by stealing off in any direction where the 
disturbing force does not act, or acts but feebly. This is the 
origin of currents, which perpetually tend to bring the fluid. 
to its true level. The surface of the Gulf of Mexico is in- 
variably higher than the surface of the North Atlantic, or the 
water on the opposite shores of Africa, because certain con- 
stant forces connected with the revolution of the earth, 
which we are not yet fully prepared to explain, keep the 
water piled up against the western shores of the ocean, 
within the tropics ; but between the island of Cuba and the 
coast of Florida, these forces do not act to the same advan- 
tage ; and here the water steals out of the gulf in a gigantic 
and rapid stream, sweeping northward along the coast of the 
United States. Blow witli your breath across a large tum- 
bler nearly full of water, and you will see a beautiltil illu8~ 
tnition of the nature and source of the causes of currents; 
for the whole surface will be converted into two equal and 
opposite whirlpools by the joint action of the windm.4. V.'oa. 
shores of this mimic lake. 
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497. The cqulily of ibe premie o£ iiqwdi in ill ^Bt^ 
tNiu u prad'KUve of mmay aUtvr p*""*™*-" of gnat i» 
poruac'-, uid capable of Ittia^ forvtold bj an acute rcwai^ 
witih>ji lb- aid of fxperiiariit, when the laws of flaid f(» 
WTF atr well uodrntood : but their depeiideDGe thenia ii 
not « obvioiu to a mtrre txto in the jiudy of phnic*,aBdJt 
ii tbereibr^ oeu^arv ta give them q>ecia] illiUtiatisiL 

Wf. L«!t A be a 'e1" f'^tel nearly fiUed 
withwatnof anTo(li^rli<faiil; B,aiiapeDglui 
tube of moiieraie dimenuoo* ; C, the Mirlace 
ofthrliquitl^ Ami D, apiece of metal, poli^Ml 
M as to cjivr [he lower orifice of the lube aiKl 
k<-p out the liqui'i, wfa«n applied. Xiet the 
wei-zht of D be fixed : — ny ooe ounce. Saw, 
if I) be held perpendicularly in the air, 
and D b^ applied ai in the figure, the latter 
will loll oiT'. for there is no fiirce in action 
to r^'sist itj irravitatioD. If D be held in its 
place until tke lube 13 lowered ■> that the 
metal may just touch the water, it will fall 
and sink bv its weight, becaiue the water 
cannot prf« upward a^nst on object exactly 
on ill own levpl. Let the tube and metallic 
plate b«; carried down a short diitance below 
tbenir&ce,and then let Dbelefllree. StiUit wiltank.becaiw 
it ftill overbalances the upward prenure <t£ the liquid in the 
bann. Now, let the tube and metallic plate be earned deepet 
into tbe basin, until the solid content of that part of the tube 
which ia below the general surface of the liquid would ht^ 
if filled from the buin, a weight of liquid exactly equal to 
that of the metallic plate, when the latter is above the sor- 
face. You will at once perceive that if D were now removed) 
the pressure of the liquid on tbe ontaide would force up t 
portion of liquid into the tube, which would fill it to tbe 
funeral level ; that is, the upward pressure at D would lup- 
jHn-l a weight of fluid exactly equal to that of D ; or, in other 
worild, it tfioiild Miippart Ike weight of D ; which, therefore, 
r/Mild not sink. Under such circumstances, the metal may 
he raid to hnve lost all its weight, when the word weight if 
iiwil in IIh vuljrar sense. It _^oalt ^laiost the cod c3' the 
tiiljc iniin- lightly than a cork on the surface; yet a few 
dni|)N of water quietly placed on its upper surface, within 
""' tube, would instantly cause it to sink, by increasing its 
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wi'iyrlit. If the tube were now driven still deeper into the 
tiquiil, the upward pressure would continually L 
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:he whole length of the graduated arm, by the portion over 
which W slides to restore the balance — that is, by dividing 
the -weight in air, measured in feet, Stc, by the difference 
Ijetween this and the weight in water measured in the same 
terms — we obtain the specific gravity of M. But this instru- 
lueat is graduated by placing over each point on the scale 
the number expressing the quotient of the whole arm C B, 
■ divided by the distance between thai point and the extremity 
B. Hence the series of numbers on the scale is a series of 
specific gravities, and by this instrument we have only to 
weigh any body first in air and then in water, using any 
other convenient body for a weight, and the position of the 
latter on the scale indicates the specific gravity of the former, 
without calculation. 

521. To obtain the specific gravity of a solid lighter than 
water, first weigh the solid in air. Then lake a piece of 
metal heavy enough to sink this solid, and having noted the 
weight of the metal in water, attach to it the light body, and 
weigh them together when immersed. The difTerence of 
these weights, added to the whole weight of the light body 
in air, will give the weight of a. bulk of water equal in size 
to the light body. Thb, divided into the weight of the light 
body in air, will give the specific gravity. 

522. The specific gravity of any liquid may be readily 
ascertained by weighing, when empty, a suitable vessel of 
which we know the enact contents in cubic inches, and then 
filling it with the liquid under p-xamination and weighing it 
again. The weight of the cubic inch of water at 60° of 
Fahrenheit, being known, we can calculate the weight 
of water required to fill the vessel. Divide the weight of 
the liquid in the vessel by that of the water required to fill 
it, and the quotient will represent the relative weight or 
specific gravity of the fluid. 

523. Many useful instruments, designed to determine the 
specific gravities of liquids, and occasionally employed for 
solids also, are known by the name of hydrometers. Some 
of these are used to ascertain pretty nearly the relative 
weights of liquids, without calculation ; but as we have lime 
to describe but a single example in this place, we shall 
choose one of the most general application. 

524. In Fig. 196, A represnits a thin bulb of glass, sur- 
mounted by a narrow stem, C ; carrying upon its summit a 
light weighing scale, D, and ballasted by another heavier 
weighing scale, B, attached to it beneath. A mark is 
placed on the stem at E, and the instrument is bo formei 
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t when itecd in wat^r, and loaded until the 

iril il E Mbraagbt to tlw Ut^I oi the sorter, 

KriMll diipbce «x>cUj oAe IhoDBod gniiM of 

^V^> The weight leqmred to bring E to lb« 

ttfact, U ucerlained by rxpeiunnil. If Ihii 

irtrument, properly loaded be pkcpd in a 

frSqiiid either den#t^r or larer thui wster, trri^t 

■ tpnal be idiled lo or niblncled rrom tbe scale D, in 

I fliet to bring E to the levd of that liquid ; and 

^ u weight will measure the difierence betwe^'O 

e bulk of water which wet^hi one IbouBod 

I Bvin* and the weight of an Cijnal bulk of the 

I Jjaid under experiment. Add n* aubtiact, sc- 

I cordingly, this difference Troin 1000 grains, and 

I mu obtain (be weight of the displac^ liquid. Then divide 

r fhiis lait weight by 1000, and you obtain the number repn- 

' KUting the specific gravity of the liquid. 

525. Alcohol is specifically lighter than v,-ater, ani iiit 
increase of specific gravity, when the latter is miscd tcilb 
the former, bears a certain fixed proportion to the quaolitiei 
of the two Ruidi thus mixed. From this fact you are ible, 
by means of the hydrometer, not only to tell when wnpi 
or liqwora are adulterated with water, but also lo determine 
the quantity of admisture. The same means enables you In 
test tlie strength of ley, most solutions of site, and a thou- 
sand other mixtures important in chemistry or domestic lift. 

526. To ascertain the specific grarities of airs or gates, 
we are obliged to resort to the use of the air-pump, an in- 
alrument which you will better comprehend hereafter. A 
glass vessel of known content is provided with a etop-cock, 
and this vessel is weighed when emptied of everything by 
the air-pump. It is then successively filled with air and 
olher gases, and is weighed at each experiment. By deduct- 
ing the weight of the empty vessel from each of these re- 
sults, we obtain the weights of equal bulks of all the gasw 
thus examined, and may then calculate their specific gravi- 
ties when compared with any standard by the ordinary 
method. 

627. You will now be able to understand any apparatus 
for ascertaining specific gravities or the relative densities of 
bodies, because you know that they are all intended to show 
how many times the weight of any one body contains Ihc 
weight of an equal bulk of water or atmospheric air. 

^'iH. A siniplR apparatus, called a barometer, founded upoa 
- tha upward pressure of fluids, enables us '- - ■ - "— 
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weight or pressure of the atmosphere we breaihe. Take i 
^ gloss tube more than thirty-one inchrs long, and closed at 
^ one end, Fig. 197, A. Fill it completely with dry mercury, 
" and invert ita open extremity into a cup containing some of 
" the same liquid metal, B. There is now nothing to prevent 
the mercury in the tube from descending into the cup and 
overflowing it, except it be some force outside of the tube, 
which supports it by an upward pressure eijual to its weight. 
Yet it only descends aninch or two; as,toC; and there remains 
stationary. What supports it "i It cannot be 
Ihe mercury in the cup; for no liquid can f] | 

support, by its upward pressure, any of its *" 

own particles that rise above its own surface: Lie 

Yet, there is nothing else to produce an upward IJ 

pressure in this case, except the atmospheric 
air resting upon the surface of the mercury in 
the cup, but which is prevented from press- 
ing upon the mercury in the tube, by the in- 
flexible glass. If a crack be made in the top 
of the tube, the mercury instantly descends, 
because then the atmosphere presses il upward 
and downward with equal force, and there is 
no force left to resist its gravitation. If you 
try the same experimeat with a tube of India 
rubber, the mercury will not be supported ; 
because the tube, being flexible, is pressed to- 
gether or made to collapse by the pressure of 
the atmosphere, and the ascendancy of the 
upward pressure oti the mercury is lost. It is 
plain, then, that the mercury is really sup- 
ported in the tube by the pressure of the air 
on the mercury in the cup, and this pressure 
at such a height that the weight of Ihe column of mercury 
will just balance the pressure of the air without. This height 
has nothing to do with the form of the tube ; because the 
pressure of fluids is alike in all directions ; and if we com- 
pare the atmosphere to one branch of the tube in Fig. 193, 
and the barometer tube to the other branch, we shall per- 
ceive that the atmosphere and the mercury balance each 
other in this experiment, just as the mercury and liquid 
under trial do in the experiment given in paragraph 518. 
The height of the mercury in the barometer is therefore a 
measure of the pressure or weight of the atmosphere. 
H 529. The mercury in the barometer varies in he\a\\\. fccroi 
K 28 to 31 inches, or even more widely, atLcotiVvn^ to fee ^-A.^; 
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of Uk weather, which proves that the atiiKKpheje U deiaef 
or heavier at one time than it is at another, even at the tame 
place, and the height of ttie mercury at diAerent times met- 
>ure« these dilli-r^nces of pressure. 

530. The barometer gcoerally stands lower, or the atmo- 
■phere weighs less at aoy place, when the weather is slorDijr 
than when it is fair. This difference of pressure is o&tn » 
cause of storms, hecaiwe it disturbs the equilibrium of pm- 
sure throughout the entire atmosphere, and leads to the foi^ 
[nation gf currents or winds, ia the same tnaoner that partiil 
changes of denuty in water lead to the formation of iqw- 
ous currents ; as you may observe when a tea-kettle of v,ala 
ia plac«d over the (ire to boil. 

531. When the barometer ia high, we feel braced by ihe 
increased atmospheric pressure both within and without the 
body ; and we say, in direct conlradiclion to the truth, tbit 
" tki air i» light," because wtfeel light, in consequence of 
the increased support. But when the barometer is low, we 
say "Ihe air is keaey," because tec Jieel heavy, for want of 
the usual fluid support. 

53'2. As Ihe pressure of (he atmosphere can only support 
a column of mercury which is just sufficient to balance il, 
we find that if the lube used in the last experiment be longer 
than this column, the mercury will subside from Ihe lop of 
the tube when inverted, until the metal finds its proper level, 
leaving the upper part of Ihe tube empty. Neither air not 
anything else, unless a little vapour from the mercury, can 
find its way into Ibis space, which therefore (urnisheB ui 
with the nearest possible approach to a perfect vacuum, ttot 
the art of man can produce. 

533. Mercury is 13.57 times heavier than water, anJ 
hence the same pressure of tjie atmosphere is capable of sup- 
porting a column of water 13.57 times higher than thai in 
the mercurial barometer; but if you were to fill an inflexi- 
ble tube closed at one end, and more than 34 feet long, 
with water, and were then to invert it over a vessel of 
water, the fluid would subside to the height of about 34 
feet, leaviug the upper part of the tube empty, in the ssnie 
manner as the mercury does in the barometer. This uoiilil 
be B water barometer, but it would be too long for conve- 

534. You are now prepared to comprehend the action 
of the common pump for raising water. This hydraulic 
instrument, represented in section in Fig. 198, consists of 

a wooden or metallic trunk or tube. A, furnished iltfH 



ntPAOT OF SOLIDS AHD LrqiIIDS. 

577. The opposition offered to the motion of a body by a 
fluid depends much upon the form of the surface and the 
direction of its advance. If a flat body be moving directly 
a^inst a fluid, the resistance from inertia is very great; and 
if obliquely, it is less in proportion to (hat obliquity ; but it 
is unnecessary to enlarge upon this subject, for it is evidently 
regulated by the laws governing the action of solids upon 
inclined pianea, modified by the peculiar conditions of the 
particles of different fluids. With those laws you are already 
acquainted ; and the influence of these peculiar circumsfancea 
is much more readily determined by experiment and observa- 
tion, than by reasoning and calculation. 

578. The resistance from hydrostaticpressure is very much 
diminished when the moving body has a figure that facJUtates 
the return of the particles in its rear after they have been 
divided in front. Ships and the most rapid fish are made 
rounding, though bold in front, to act with all the advantage 
of the wedge, scientifically curved in parting (he water, 
while they are rendered more gradually sloping and taper 
behind, in order to allow the most ready return of the fluid 
to renew the hydrostatic pressure in the rear. If a ship were 
divided at hpr waist, and the front part furnished with a Qat 
stern, it would sail with the utmost difficulty, leaving a deep 
trough in rear; and if a flat board be placed athwart the 
bows of a vessel, she advances no faster than she can move 
sideways, when properly constructed ; because this board 
acts upon the water in the manner of a keel. A body with 
a concave surface is found to move through fluids with even 
greater diificnlly than one that is perfectly flat: heace oara 
and paddle-wheels are sometimes made concave to increase 
resistance. 

579. The question of the best form for ships or other ma- 
chinery designed to answer a given purpose with the least 
possible resistance from fluids upon which they act or re- 
act, is one of great importance, but so complex that it is 
still a matter of experiment as well as theory. You will 
not be surprised to hear, then, the apparent contradictions 
that a vessel with small sails may exceed in speed a similar 
vessel with larger sails, or that one ship may outstrip an- 
other with a light wind, yet be overhauled and passed by 
her, under a heavier breeze. In fact, no artisan can apply a 
greater extent of physical science to useful purpose than (he 
navigator in advising wilh the ship-buiider, the stevedore, 
and the sail-maker, and in commanding his helmsman, O.P.A 
his mates. If you bear in mind that ihc tes\6\.a.ntii ol ^ feavi. 
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H BO loOf^ canBl«rtHlBnc«a the pmanire of Ibe Ai 
Oi Ibe water tn the cutrm or pool, and * eohona cf _ 
riKa into the badooi of the pamp-labe, ta a heiglit i^ 
oent to TvSlorv the balukce of stmo^ahcTM: prenoremfiii 
aod witliout. Thla column oT w-ato- Ibrcn op the nhtil 
lh« lower budcet, F, and a portioo of it rudieit thnu^llx 
bolp. When the handle b ^ain taised, the nlre at Fii 
immediately cIoMd by iU own we«glit and that of ihe vM 
above it, while the nlve of C ia ^ain blown open b; ibe 
pTMsure of the remaining air beneath if, now occuf^ingle* 
(pace, i [) coosetjut-nce of the water that has aacended Ehivt^ 
the lower buck.-l. At each downward stroke of the pani^ 
handle, an additional quantity of water is forced upwinJinU 
the tube, by the pressure of the atmosphere without, mtil 
the bucket E begins to descend beneath the level of ill! 
water, when the handle is raised. A portion of tbe wWi 
is then Ibrced upward, through the valve at £, at each e!^ 
vation of the handle, and is prerented from returning duiiiij 
the downward stroke, by this valve ; so that it muft be liftai 
up as the handle desceitds, and must finally escape byOu 
pump-spout C. 

536. A pump of this construction cannot act when Ihe 
distance between the bucket E and Ihe surface of the wsler 
iu the pool or cistern is greater than the height of the column 
of water which can be supported by thi? pressure of the atmft- 
■pherf, and it ia found to be practically of tittle use vhen 
this distance is greater than twenty-two feet. 

537. Although the direct order of our studies should no* 
call us off to other subjects, it may perhaps promote Ihe ia- 
terest of Ihe pupil to describe in this place the forcing-iwivp 
and Ihe air-pump, because their mechanical construct iofl » 
closely resembles that of the common pump. 

538. The common forcing-pump is seen ia seclion in 
Fi^. 200, where the lellers, wilh ihe exception of A, hare 
the same value as in Fig. 198. The handle, B, is usually a 
lever of the second order. The bucket, E, la changed inlo a 
simple piston, (vithout any valve. When Ihe piston is lifted, 
water rushes up through Ihe valve in F, as in tbe commoo 
pump, but when the pislon descends, this water cannot pn^ 
irate K, which has no valve, nor can it pass back through F, 
the valve of which is instantly closed. It is therefore forced 
into the spout C, through a valve above G, at Ihe lower end 
'hereof, which opens lowards the spout to allow the water lo 
"V* '"*o it, but instantly closes miA retains it, when the 
P><<tOA ii again raised. In this manner more water is IcuH 
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,r metallic plate, W. The main 

a little valve, and communicates 

u> orifice which may be opened 

,V mean? of a thumb-screw at *. 

. piring through the plates K and 

*ithai>tight 1f» ^^^^^ "« ^'° 




I XCK> CI 



r actaon of Ibi ^vtmr, asdftn I 
U*t.few*tif the www raUBoa to F G, Ulowvd tiT Ik □» I 
cabc gnove, D El,cfni«d ia ibe mne iiwiim i brOtd^ 1 
» «t»Hn 6 cohionu of Ibe Mine wave m nsr Mid ibeiinf I 

1^ nlU oawatd, but the nattn- (rf the wave anpl; ifaM 1 
iwud fttkl doK-nward, vithoot anj oawanl «fiRMA- I 
11 tan now understand %«-iiT two w«vw« meeti^ tadi «I)R I 
y ride ovtT each other w-itiMxit intetfeiiue, aod raitime ' 
tit several rouU. Throw a baodful of pefaUra into i qud I 
_ Im, and you will produce a multitude of wava in coomd- | 
[ trie circles, moving ofT from tnany ceatres, and inlermiii^ 
' to BeemiDg confusion but real order. Yoa ar« now also ^ 
to comprehend the reason why heaTv staves roH tawit 
the ihore in calms, or even in direct opposition to the wind; 
and why a high swell often inrorins the mariner of the ocxw- 
rroce of a gale at a distance of a hurdred miles, while, jio 
hape, hiB vessel U tolling her masts out upon the surface of » 
heuving ocean, glassy in smoothness, and unnilfled by i 
breath of air. 

585!. When a liquid is already in a state of undulation, and 
another force gives rise to a new local depression or eleva- 
tion, the newly-formed waves may be said to regard the ac- 
tual surface at each moment as if it were the permanent form 
i>f the surface ; and they proceed in the same order okt 
the pre-existing waves and furrows as if the liquid were »t 
rest. Hence one wave may become piled on another, and 
one furrow may be grooved out at the bottom of another, 
go QB to increase the height and depth of the apparenl 
waves. Thus, when two equal waves meet in such a manner 
that the summit of one is distant from the other by exactly 
the length of either wave, measured from the bottom of one 
furrow or trough i>f ihe sea to the bottom of the next, the 
height of the swell Is doubled at the moment of their coin- 
cidence. 

S83. But, on the other hand, though the matter contained 
in wavBB IB impermeable, the forms or figures which we call 
>ettvi-s are not material, being only composed of variable 
iipneeB, dvfined Ibr the moment only, by matter in a stale of 
motion ; niiil they are therefore perfectly permeable, as ril 
I ii|mc,-« „re p.Tnieuble. Hence, if one wave meet anothoM 




as fast as they abstract il from M ; and, as the preraire of ths 
air remaining in M will be measured by the height of the 
mercury in the barometer, P, which is measured by means of 
a graduated Ecale marked on the tube, you can ascertain at 
all times, by this means, how perfect the vacuum in the re- 
ceiver of an air-pump may be. 

54>2. We often wish to try experiments with atmospheric 
or other fluid pressure, greater than that of the air in its com- 
mon condition. Thua ; fluids boil at a much lower temperature 
when there is little pressure on their surface than when the 
pressure is great. The law according to which the pressure 
of the atmosphere diminishes as we ascend, enables us, with 
care, to calculate the height of mountains by ascertaining 
the boiling points of water at their base and their summitH. 
Ether boils and becomes a gas at the ordinary temperature 
of the air, when placed in a vacuum. It even absorbs heat 
enongh, whiie boiling under the receiver of an air-pump 
rapidly exhausted, to freeze water on which it le floating. 
On the contrary, water may be healed, under great pressure, 
without boiling, to a point far above the red heat of iron. Pa- ' 
pin's digester, with which the cook makes soup from the 
hardest bones, acts upon this principle. For the purpose of 
trying experiments on this subject, we often use condemere or 
condensinff-pumpg. The simplest of all condensers has been 
already figured and described (157). By using any instrument 
like the common forcing-pump, making its spout to deliver 
the fluid into a closed vessel, we convert it into a con- 
densing-purap. Such an instrument, used for condensing 
water, is seen attached to the Bramah press, Fig. 188, p. 
222. No change in its structure, other than an increased 
delicacy of its valves, would be necessary to convert it info 
a condenser for gases. In the summer time, any manufacturer 
of mineral water can show you such a pump in action, to 
force carbonic or other gases into the water in the cisterns, 
from which it bubbles up the instant the fluid is relieved 
from the unusual pressure, by turning the stop-cock. 

543. Forcing-pumps on a large scale are usually so con- 
structed that the piston delivers water with both strokes, and 
a condensing air-vessel is usually attached to their spouts or 
delivering-tubes, in order that the stream may be kept in 
regular flow by atmospheric elasticity; thus preventing the 
jerking of the machinery as effectually as a fly-wheel, and 
making the pump deliver water steadily, instead of doing so 
by fits and starts. Yon will better understand this operation 
21 " 
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at caad«MUig vewels, when you tvad, in the aoA cbs^ 
be dncriplioD of the watrr-i^m. 

54i. Here let ua riHurn to tbe subject of fluiil mppxt, 
liQin which we have been |Mittal]y drawu off by oar I» 
BU'lo on pumps. 1 

545. When a concave bo<ly, sucJi as a ship or a b«l, a ' 
placed upoQ the Eurface of a litjuid, it displaces a quiii% 
flf that fluid equal IB weight to Uie body itself, and any had 
Uiat may be placed in it. If the weight of the boil, Fig. 
803, be'a cwt., and her load be a ton and three qiortwi) 
her Aoatii^ in smooth water depends entirety upon her forn 
being such as to displace two tons of ■water before her gus- 
wale sinks to Ihe level of the liquid. In rough »'eatheriiK 
would eink long before >ihe could be so deeply laden, beam 
ber changes of poeilion, and the inroads of the u'sves, wgoU 
eonlinually increase her burden until she would be rendered 
specifically heavier than the liquid on which she repose*. 

5+6. When boats, or similar bodies, such as It^ planks 
&c., — which may be looked upon as so many bents loaded 
full of matter lighter than water, — are floating upon the aip- 
face of a liquid, they always aesume some particular positioa, 
and retain it as long oa the form of the boat and the arrange- 
ment of the load remains Ihc same. If any temporary force, 
such as Ihe wind or a wave, turns them from their proper 
position, they instantly irtruggle to resume it on the cessatioit 
of the force. Let us inquire into Ihe nature of these Ikdt. 

547. You have been told that all forces act upon any body 
precisely as if they had been applied in the same direttioD, 
and with the same intensity, to the centre of gravity of thf 
body. Now, the liquid in ^^'hi^;h it swims, supports a bo»l 
with its load, exactly in the same manner as it previouaiy 
supported the water displaced by that boat.- But it previoufilj 
supported the water displaced by the boat precisely in the 
same manner as it would have done if the whole of thai 
water had been concentrated in ila centre of gravity, and Ibe 
buoyant force had been applied directly thereto. Thus the 
boat floala as if it were supported on a pivot or fulcnira 
placed at the centre of gravity of tbe displaced water; and 
this centre is therefore called the centre of buoyancy. This 
centre, however, is not a fixed point, except when the float- 
ing body has a Npherical or elliptic form; for, every change 
of position in a floating body of any other form changes the 
figure of the displaced water, and consequently alters Ihe 
poaition of its centre of gravity. Consequently, the ideal 
pivot formed by the centre of buoyancy, must be regarded w 
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. variable point of Biipport, the position of which may be 
lasily determined in any given attitude of the floating body. 
&4iS. Aa the boat or floating body can change its position 
pa the application of the slightest force, in consequence of 
Lhe mobility of the liquid on which it swims, it moves about 
the centre of buoyancy under the action of any force, as a 
perfectly balanced lever or scale-beam moves about its ful- 
crum; and the influence of gravity regulates its position as it 
regula.teB that of a scale-beam. But when a body is free to 
;mowe under the force of gravity, the centre of gravity of 
3 that body will always take the lowest possible position, and 
■ eke centre of gravity of the boat and load therefore seek the 
, lowest possible place, while the whole mass remains sus- 
pended on the centre of buoyancy by the upward pressure 
of the liquid. If, then, the boat be so loaded that the 
centre of gravity of the whole mass agrees exactly with the 
centre of gravity of the displaced fluid, the force of gravity 
will act directly upon the fulcrum formed by the centre of 
buoyancy, and can have no tendency to change the position 
of the boat, Ab a breath may turn the heaviest scale- 
beam when the fulcrum is placed exaclly at its centre of 
gravit}-, so the breath of a child would overturn a frigate if 
it coiild be so loaded that the two centres should always 
agree. The form of ships and boats is such, however, that 
the centre of buoyancy is continually changed as they change 
their position, while the centre of gravity of the vessel and 
its load remains always the same, unless the load be shifted; 
so that, in every vessel, there must be some position in 
which, if she do not sink, she will rem^n at rest, in per- 
fectly smooth water. As in the case of solid bodies lying on 
a plane, this state of rest is obtained, only when the centre 
of gravity is directly over or directly under the point of 
support ; which, in Uiis case, is the centre of buoyancy. 

54.9. Let Fig. 203 represent a boat, of which the centre 
of buoyancy is de- 
signated by the upper ^_^ 
of the two large dels ^^^ ^^ '^^" ^y 

centre of gravity of ^^^slt... -■\^^^^K 

the boat itself by the ■ ~ =S^ - _-^ ^^^ 

lower large dot. If fie-bi". 

the latter be directly 

beneath the former, the boat will be at rest. But, if other 

forces than gravity, such as winds or waves ; throw her for 

a moment into a new position, as long as she X-siVcs -- — 
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f^ thebixa and aargo 1 |l i 1 liii "^ 
tmy, tbe moment tfar pf aJlwiiM td Ae ' 
I, the former will giid ea Ti jm to d^m 
irfim of tbe boat bo chm^es tb^ poNtioa- 
5 u lo bring: >* once more d bwily 

[ «f grvrit; before the boat ' ' •-* 

iarvhaU; be overturned. 

550. When the wei^t ccMnponag the kad ef tTOt^i 
ihifted, the centre of gravity of tbe vesael and load k dii 
etwngrd. Thtu ; suppose thai a puatatger in a weO-triMHi 
■kid' inoves nearer to either side of the boat ; the nodt rf 
gnvily necesmrily follont his tnorenient to a ccrtaia esM, 
and roust then coolinue to revoire until tbe centre of kaa/- 
aticy is srain brouelit directly over it ; and tbe tiulTwiDka^ 
pernapi dan^rousTr, towards the side on wbicb tbe [iiiBgw 

551. If the cargo be made of very beovy m■ta■^ 
crowd<J ni'ar the keel, the centre of gravity of the wad 
may be so far below the centre of buoyancy as to wAe bs 
wry firm inher posilion; yet, when pitched by the vith, or 
cauw-d to lean to one side by gusts of wind, she is then jeAfd 
back to her former place siiddenly and with violence, in eon- 
•equence of her weight actii^ at a considerable distance ftoo 
the fulcrum or centre of buoyancy. TTiis suddenness alwiji 
rirains and racks the timbers, and may even break the matt 
On the contrary, when the lood is too light specifically, v 
placed too high up in the hold, the centre of gravity ca> 
cidrt CO nearly with that of buoyancy, that the vessel is in 
danger of being overturned by very slight forces, and, in » 
calm, not unfrc(|ui?ntly "rolls her masts out" by centrifi^ 
fbrc^. If the load be still less dense, or be raised altogether 
loo high, the position of the centre of gravity may be raised 
above that of buoyancy ; and the vessel will either lean on 
□ne side, like an ill-tnmmed skilF, lie on her beaia-ends, oi 
turn bottom ujiwards. If the load be so placed as to bring the 
centre of gravity behind or abaft the proper centre of l«ioy- 
ancv, the stern will sink deep in the water, while the bow 
will riae proporlionolly high. If, on the contrary, the centre 
of Ri'avily he broHRlit ahead of that of buoyancy, the bow 

nk, and the ship will appt'ar, in nautical phrase, "like 
* duek in a gale of wind." 
B5a. From the foregoing r 
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'the results of the action of windfi, cables aad anchors, cur- 
■ tents, &c., on the attitude of vessels in (he water, are capa- 
ble of being explained upon the principle of the lever; the 
Centre of buoyancy at the moment being the fulcrum thereof 
553. With these remarks, we close our elementary labouis 
in hydrostatics. 



Hb< chapter V. 

B^- HYDRAULICS. 

554-. Flore of Liquids along Pipes. — Most of the princi- 
ples involved in the flow of liciuids along pipes of considera- 
ble length, have been fully explained in former chaptera; 
but a few words on the application of these principles to 
practice, in the ordinary aliairs of life, may be proper here. 
When a tube, closed at one estreraity, communicates with a 
reservoir of water, which fills it completely, the pressure is 
difiiised, as in all other vessels, according to the law that the 
pressure of liquids increases directly as their depth. When 
the extremity of the tube is opened, as when the slop-cock 
of a hydrant is turned, all resistance to the flow of the liquid 
under this pressure would cease, were it not for the Iriction 
of the liquid against the sides of the tube, as the column 
moves forward to make its escape, and the friction of the 
particles of water agaiuEt each ^ B 

other. Let Fig. 204 represent the 
ends of two long tubes delivering 
water from open orifices. The 
water at the extremity. A, of the 
horizontal lube will yield to the 
force of gravity, and flow out so 
readily as perhaps to leave the tube 
parliaily empty near this spot ; yet, ng. joi. 

owing to the friction, which pre- 
vents the water nearer the reservoir from following 
(he greater part of the lube may remain full, and the pres- 
sure on the pipe may increase as it approaches the reservoir, 
though the depth of the liquid remains Ihe same. Bubbles 
of air are then apt to get entangled in the end of the pipe, 
in consequence of irregularities or waves on the surface of 
the flowing water, and these cut off the current Kidtft c ' 
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completely, from time to time, CBueing it to guttle or flow 
by fits and start*. If we wish a long, narrow tube to deliver 
water rt^larly in the horizontal direction, when the head 
or depth is not great, the orifice must be contracted, to pre- 
vent the admission of air. If the end of a long pipe be 
turned up, as at B, Fig. 204', this precaution is not necesBary ; 
but the friction in the tube may be so great as to cause the 
water barely to overflow gently, as represented in the figure, 
however great the head of water in the reservoir may be. The 
pressure will then be increased in the lube, as it approaches 
the reservoir ; as in the former case ; and that which acts at 
the extremity B must be measured, not by the depth of fluid 
in the reservoir, but by the height to which the water spouts. 
If we wisli to make a respectable fountain with a long tube, 
we must make it as large as possible, and contract the orifice. 
Even then it cannot be made to spout as high as the surface 
of the reservoir from which it comes, 

55!>. Through tubes that are very long and narrow, water 
will scarcely flow at all ; nor would it, even if capillary at- 
traction did not exist. Even air produces go much friction 
in narrow lubes, thai, with a bellows having a small nozzle 
some feet in length, you cannot blow out a candle. 

5.'>6. When a liquid is once in motion, it acquires momen- 
tum in the same manner as a solid; and this momentum can- 
not be suddenly stopped without great force. Thus, when 
a hydrant is running, if you turn the stop-cock very quickly, 
the water, by the check of its momentum, jars the pipe 
severely, producing a loud noise, and endangering the burst- 
ing of the pipe. When the lop of even a smalt wave, at 
sea, is driven directly against the side of a ship, she trembles 
in every timber from Ihe blow. This principle lias been 
beautifully applied in a hydraulic machine for raising water, 
of which you see a 
view in section at 
Fig. 205. A, repre- 

fitream of water; B, 
a tube leading from 
it, and descending 
to a closed extre- 
mity at C. D is a 
short tube, entering 
the side of the main 
tube B, and pro- 
vjdedj within the 
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577. The opposition offered to the motion of a body by a 
fluid depends much upon the form of the surface and the 
direction of its advance. If a Hat body be moving directly 
against a fluid, the resistance from inertia is very great ; and 
if obliquely, it is leas in proportion to that obliquity ; but it 
is unnecessary to enlarge upon this subject, for it is evidently 
regulated by the laws governing the action of solids upon 
inclined planes, modified by the peculiar conditions of the 
particles of different fluids. With those laws you are already 
acquainted ; and the influence of these peculiar circumstances 
is much more readily determined by eKperiment and observa- 
tion, than by reasoning and calculation. 

578. The resistance from hydrostatic pressure is very much. 
diminished when the movin* body has a figure that facilitates 
the return of the particles in its rear after they have been 
divided in front. Ships and the most rapid fish are made 
rounding, though bold in front, to act with all the advanti^e 
of the wedge, scientifically curved in parting the water, 
while they are rendered more gradually sloping and taper 
behind, in order to allow the most ready return of the fluid 
to renew the hydrostatic pressure in the rear. If a ship were 
divided at her waist, and the front part furnished with a flat 
stern, it would sail with the utmost difficulty, leaving a deep 
trough in rear; and if a flat board be placed athwart the 
bows of a vessel, she advances no faster than she can move 
sideways, when properly constructed ; because this board 
acts upon the water in the manner of a keel. A body with 
a concave surface is found to move through fluids with even 
greater difficulty than one that is perfectly flat : hence oars 
and paddle-wheels are sometimes made concave to increaso 
resistance, 

579. The question of the best form for ships or other ma- 
h*n' y deai ed to answer a given purpose with the least 

poss bl nee from fluids upon which they act or re- 

a f great importance, but so complex that it is 

!1 a m of experiment as wfll as theory. You will 

n be su p ed to hear, then, the apparent contradictions' 
h sel with small sails may exceed in speed a similar 

essel h I rger sails, or that one ship may outstrip an- 
other with a light wind, yet be overhauled and passed by 
her, under a heavier breeze. In fact, no artisan can apply a 
greater extent of physical science to useful purpose than the 
navigator in ailvising with the ahip-builder, the stevedore, 
and the sail-maker, and in commanding his helmsman, and 
his mates. If you bear in mind that \\\c lesUV.asvtws^^iSi'iA.''^ 
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fhi iacl>a«d piac^, ani Ike lercr; cxoeft 
diAnk Id t»kr«Md Ihe c&cta «r ■ pnd 
(|BrtJ^*) tbu tbow of ■ BOgle Jvge body. 



yritiooi, indctd, JUJ be det rni w imi ibmsIj- bf llie Mrif 
iMB cif fircn aad Ibe lur oT tbe lerer, if we B^kd Ar 
rffKl* of flind cofaeBoo Mid fiictioa, wfcick canfti mpit 
nUj to oxml ow tbeor? bj txpcnumsit. 

&S0. O^mMs^-WbcaapeUOctftbroWBtbloipMil 
nn( cnlj depnan the cohsinn of vMa iqua sjiidi it Miib!% 
Im liuuit* aridr ptt of 1^ vvtcr whicii it dLmlacec Th 
■ii«Ris of tLe wler beyond tbe unwdtate innoeDce of ibt 
blow, prevEnl* tbe pulkles from idotii^ freely id a litenl 
dirfcttoo, to aJtow room Ibc tbe pf4ifale, and tb«j tbereioK 
become yOed up on alJ fid<«, by tbe action of tbe im a 
poHOg icsces, and are compelled to assume the form.d 




circular wave. Let the dark line, I K, Fig. 212, represent 
a vifw in KCtion of a fluid KUtface beaeatb which a pebble 
liaijuft (liiappeared at C. T^e pit formed at this point ib^n 
rentftr^nU the depression of Ihe column on which the pebble 
frU, mill Ibe round t levalions, A and B, are views io section 
of thi' circular wave thrust aside by it ; neither of which, in 
ttiP flnl tiixtance, changes perceptibly the general lerdcC 
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he water marked by the horizontal parts of the dark line, 
>. K. Now, it ia evident, from the lawa of fluid pressure, 
-hat every particle in the wave, A B, which ia above the 
level, must fall by gravity when the disturbing cause ceases 
fo act, aod that every particle at the surface of the little pit, 
C, must rise by the hydrostatic pressure of the fluid around 
it. Let th<; black dots at A and C represent two particles; 
one in the wave, the other in the pit. By the laws of gra- 
vity, the particle A will fall with increasing velocity till it 
reaches the general level ; but, by the laws of momeotum, it 
cannot stop there : it must continue to fall with a retarded 
velocity, until its acquired momentum is lost in overcoming 
the upward pressure of the increasing column of water above 
it ; and this is only accomplished (friction and atmospheric 
resistance excepted) when it has fallen as deep below the 
: surface as it was previously raised above il. For precisely 
similar reasons, the particle C must rise to an elevation equal 
to its previous depression. Thus each particle in a wave has 
a tendency to vibrate like a distinct pendulum : and hence, 
in a few moments, the depression becomes an elevation, and 
the elevation is changed into a depression, as represented by 
the dotted line in the figure at L, D and E. It is evident 
that this vibration would continue without end, wpre it not 
that atmospheric resistance and other causes soon destroy the 
vibratory motion, and bring the water to rest. 

581. The motion of the water in waves, when undisturbed 
by olher causes than the momentary forces producing them, 
is therefore almost exclusively an upright, and not a progres- 
sive motion. Why, then, do waves, raised by a pebble, ap- 
pear to roll outwards, in concentric and spreading circles, 
until they cease to rise perceptibly above the surface in con- 
sequence of the increase in width and diminution in height 
caused by friction and atmospheric resistance? This difli- 
ctilly will at once disnpppar when you conpider that the par- 
ticles immediately around the pebble or any other depressing 
force are first thrown up above the general level, the more 
distant columns of molecules being elevated successively, 
until the whole of the first wave is formed. But the column 
rit-arest the centre, which is the first to rise, must also be the 
firil to sink, and no column can sink without some other cor- 
responding column rising to make room fiir it. Therefore, 
all the particles on the side of the wave next its origin most 
be subsiding at all times, white those on the opposite side 
must be constantly moving upward. Moreover, while the 
pit C U beinc; filled up, the/.r»,-c of the wave, \ ft, "w swV- 
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All these retardit^ causM 
upon the tallest TountaiDe^ so tb&t, in &cl,1 

ttie depth of water in the reservoir above aa cputlft,# 

Bearvr will a fountain approacli the height of it^smirce;*:' 
this diflVrvnce between the abstract law of simple veh»W 
and the practical result, enables ua to determine, bj npo^ 
BMnt, the influence of friction, atmospheric renstance, IM 
other cauaes, when aflecling the motion of fluids, roucbmott 
tanly than we could discover the laws governing the scti* 
of thoee causes by math emati cat calculation. 

563, When water rushes out at a simple orifice m Ibt 
bottom of 3 vessel; as at A, Fig. 207; 
it rushci in all directions towards the 
orifice, in the manner represented by 
the curved lines in the figure. The 
particles coming in laterally, acquire a 
Telocity which cannot be stopped in- 
stantly on reaching the orifice, and they 

struggle to cross over and spread them- ■ ■= 

selves oiil on the opposite side ; clashing with and increasing 
the friction of other particles. But, as their motion is obliquf, 
B part of i( has the effect of urging the current downw«<!!i 
as you will at once perceive by resolving ^e force of a sin- 
ele [article into a horizontal force and a vertical one. Not 
ts all the horizontal motion lost in the conflict. The resuHi 
of the combined forces of all the particles cause the liquid, 
in the first place, to move more and more rapidly fat some 
lime after leaving Ihe orifice ; consequently, rendering the 
stream narrower continually to a certain distance ; and, sf- 
condly, to spread itself out into a conical form, below thi* 
point. The form of the stream is seen in the figure. The 
position and relative dimensions of the narrovs-est point vgrj 
with the form and size of the orifice. 

564,. The motion of a jet is occasioned by the pressure of 
the liquid in the reservoir from which it issues. But wht^ 
one bodj" is put in motion by the action of another body, the 
former must react to an equal ejttent upon the latter. Hence, 
when a jet issues from any orifice in a vessel, Ihe vessel, n'ltb 
its contents, if free to move, is driven in the opposite dirw- 
tion, with a force equal to (hat with which the flnid escap*s. 
If a boat were made to carry a large reservoir of water on 
her deck, and a hole were bored in the hinder part of lliis 
reservoir, the boat would be immediately propel^d forivaiJ 
by the reaction of the jet : if the rapidity of the flow wk 
increased by artificial pressui'e upon Ihe reservoir the vdo- 
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tg the boat would be proporiionally iBcreased. If a 
pOBt were provided with a pump drawing water from 
attorn, anii throwing it out through her stern, beneath 
irface, ahe might be propelled across a river by simply 
ing the pump. 

j. ThiB molioa from the reaction of escaping fluids is 
] means confined (o liquids. But a few years have 
i since tile heavy boiler of a Philadelphia steam ferry- 
eaped from the vessel into the river, carrying with it 
'hole of the machinery and the deck also, leaving the 
y bull slill floating. This accident was occasioned by 
Bcape of steam from a rent in the bottom of the boiler. 
6, Upon this principle of the reaction of a current or 
.he mill known as Barker's 
is constructed. The moving 
r is thus obtained. A hollow 
der of iroo. A, is made to re- 
in a stout frame, as repre- 
i in Fig. 208. Near the sum- 
)f the cylinder is a funnel- 
d expansion, communicating 
the cavity. Into this funnel 
'ater used for turning the mill 
ured by means of a pipe or 
h, B. The funnel is sur- 
(ted by an arbour, usually 
ng a drum-head or cog-wheel, 
hich communicates motion to 
nachinery. Near the lower 
mity, the cylinder is provided 
one or more pairs of hollow 
, their cavities communicating fi^. aoa. 

its main tube. These arms 

rranged like the spokes of a wheel ; and at their outer 
mitles they deliver each its jet of water in the directioa 
tangent to its circle of revolution, and towards corr&- 
ling sides of the arms. The cavity of the cylinder 
; kept constantly full from the pipe B, the arms, cy- 
r, and drum-bead are made to revolve by the reaction of 
jets. This in found to be an economical mode of apply- 
rater-power in many situations, where the head of water 
rat. You will at once perceive, on inspection, that the 
ring gas-lights which ornament our shop-windows are 
■' " " ■' The gas is held ir 




E like i 



. inverted tub floating in a W^et 
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«nd from within th* former, the gss-pipes are led ivv* 

itbe rwidencM of Ihe consumers. By loading the flosiw 
JMfat with weigbts, the pressure, and coiuequcnilf Ibe *^ 
city of the jet>, tnay be increased 1o any required rati* 
^c brilliant wheels bo often seen in fireworks re\tJw« 
tbc mino iirinciple; the gaa generated by the burning p* 
tier, neaping in jeta, in the direction of tangents ta Ibe dc 
eumference. 
667. When an orifice i a made in the boftom of i wari 
containing any liquid, the column of the fluid iinmediitd| 
ovt-r it 19 less effectively supported than the rest of the Siii: 
but the pressure of the atmosphere being the same upmill 
parl4 of the surface, it must have soineu'hat more eSed npn 
(he [larl thus less sufiidently supported: and Ihix part <rill 
then-fore become depressed, until the greater heigbtoflke 
aurrouuding water produces upward pressure enoagh lot^ 
ply the deficiency of support beneath the sinking colnM. 
While the liquid in Ihe vessel is deep, Ihe water flows in 
hterelly towards the orifice so readily, and acts at sucb ad- 
vantage, as to render this impfrceplible ; but as it becomrt 
diallowcr, Ihe Inlenl supply acts at less advantage, and the 
depression appears, at first, as a conical pit, and then at i 
funnel-shaped 5'hiripool. The atmosphere encroaches more 
and more upon the falling water, until it passes through the 
orifice ; occupying ils axis, and presentii^ the appearance 
represented in Tig. 209. When the air 
pcnelrateB- permanently beyond the nar- 
rowest part of the jet, the stream becomes 
hollow throughout, and soon lakes the cha- 
racter of a mere drainage. The gurgling 
noise that usually attends the latter part 
of this emptying process, is occasioned by 
waves which occasionally fill the airy Fig. sw. 

funnel for a moment, thus suddenly inter- 
fering with the momentum of the molecules ; and the whirling 
motion is delerminpd by the irregular action of the particles 
upon each other, as they crowd towards the opening, which, 
when they have once acquired a lateral motion in either 
direction, preserve it by their acquired momentum, and com- 
pel others to follow by their friction and cohesion. Evei^'- 
thing in physical nature, — however seemingly trivial, — is 
governed by fixed nde, and subject to calculation. 

668, If a short tube descend from such an orifice as ihat 
fepresented in Fig. 209, the contraction of the stream as seen 
"» Fig. 207 caimot take place, because this would requite 




2«1 



the formation of a vacuum between the fluid and the tube, 
which is prevented by the pressure of the atmosphere acting 
both on the surface of the Jiquid in the vessel and on that at 
escaping from the orifice ; thus keeping the tube always 
filled. But, in preventing the formation of such a vacuum, 
the atmospheric pressure actually overcomes the horizontal 
portion of the momentum of the molecules in the orifice, 
thus lessening the conflict of particles in making their escape. 
Such a tube, therefore, will empty a vessel more rapidly than 
3 Eiinple orifice of the same form and dimensinns. It ia 
found, however, that if the tube project within the vessel, 
the entrance of the fluid is retarded, and the vessel is emp- 
tied more slowly. 

569. The pressure of the atmosphere acts in the same 
manner in preventing any separation of the column of fluid 
contained in all tubes of»modetate size, so that the whole 
mass must move together in compact column, when contained 
in such canals. In upright or inclined tubes, the dispoGition 
of a column of liquid to descend, being dependent on its 
weight, will be greater in proportion to its length. These 
two facta will enable you to understand the simple and con- 
venient instrument called the syphon, used for emptyiii 
sela through orifices situated ii ' ' 
inferior portions. Fi^. 210 
represents a syphon in ac- 
tion. It consists of a hent 
tube. A, B, C, having one 
arm considerably longer 
than the other. II is usu- 
ally supplied with a smaller 
short tube, D, close to the 
extremity of the longer 
arm, for a purpose to be 
presently explained. When 
used, the extremity of the 
short arm. A, is plunged 
into the liquid to be drawn 
from the vessel ; and the 

tenger arm being carried downward below the level of the 
fiuid, its orifice, C, is closed by a finger, and the mouth is 
applied to the little tube at D. By a continued effort of auc- 
tion, a considerable portion of the air in the closed syphon 
is drawn out, and what remains having insuificient elastic 
force to resist the pressure of the atmosphere on the surface 
of the liquid in the vessel, this ia driven upward into th« 



n their summits instead of their 




tube until it reaches the bend, B, flows over, and fills tbe 
long arm. The finger is then removed. There are nowtiio 
columns of water in the two arms of the syphon, both teni- 
ing to fall by their gravity. The liquid between A and tb« 
level of the surface at E, is exactly balanced by the hydro- 
static pressure of the liquid in the vessel; but the column 
from E to B endeavours to fall back into the reservoir, wbik 
that from B to C endeavours to fall out at the orifice, C. The 
pressure of the atmosphere prevents the two columns from 
parting at B, which would create a vacuum ; and, conse- 
quently, the longer column overbalancing the shorter, the 
latter la compelled to follow the motion of the former, — 
while, for the same reason, the ftuid rushes from the vessel 
into the tube at E, to supply its place. Thus, a current pnv 
portional to the difference between the perpendicular height 
of B E, and B C, is completely astablished, and the vessel 
is emptied. 

570. Intermitting springs and wells are best explained upon 
the principle of the syphon. Let Fig, 
211 represent the section of part of a 
mountain, containing a cave or basin 
within it, capable of holding water. 
Also, let numerous crevices in the rock 
or soil above, convey the water of ra 
or springs into this cavity, and let there 
be an outlet In the form of a syphon, 
formed by the rocky strata, descending, ^ S 
as is represented in the figure, to A. pig. an. 

The water, draining from the soil of 
such a mountain side, and descending into the cavity, will 
be detained there as in a basin; nor can it find an outlet 
until the syphon-like passage is filled with water up to ila 
superior bend. It will then flow over and fill the remainder 
of the passage, down to A, and there the hydrostatic pres- 
sure of the column will force the water upward through the 
soil, to form a spring. But, as this pass^e plays the part of 
a true syphon, the spring will not cease to flow until all the 
water in the cavily is drained away. Then the flow must 
cease j nor can it be renewed until the cavity becomes fillei 
again by fresh collections of water from above. Such a 
epring may flow very frequently during the spring and fall, 
and seldom, if at all, in the middle of summer. The phe- 
nomena of ebbing and flowing wells, and the irruptions of 
steam and boiling water, such as occur regularly in the hot 
springs of Iceland, may be explained on this principle, and 
Lnwj' bt; imitalcd by art. 
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^B'fS?!. The comnton hydrant, in cities, becomes a syphon 
^"feider certain ciccumBtaaces. Its valve, which is opened or 
cIoEed by the handle and a long upright connecting rod, is 
placed low benealh the soil, lo secure it from frost in winter, 
and to prevent the pipe from being burst by the fi-eezing of 
the water which fills it when in action : this water is drawn 
off by means of a small orifice near the valve, which is 
closed when the valve is open, and opened when it is closed, 
and which thus drains the pipe into the surrounding soil. If 
, you draw a glass of water from such a hydrant, and keep the 
, curved nozzle immersed in the fiuid after you have stopped 
, the flow, the water will be taken back by the tube, and the 
tumbler will be emptied; as if the hydrant itself were en- 
dowed with the power of drinking. 

572. Impact bHtreen Solids and Liquids. — -The impact 
between solids and liquids is governed by the same laws that 
govern the impact of sohds, which have been already ex- 
plained. When any solid body advances against a fluid, the 
resistance resulting from the inertia of the Suid varies as the 
Btjuare of the velocity; because, in doubling or tripling the 
velocity, the body strikes twice or three times as many par- 
ticles in the same time, and strikes each particle twice or 
three times as hard; and the resistance, therefore, becomes four 
or nine times greater. By this law, if one hundred weight 
of coals will raise steam enough to drive a boat at the rate 
of two miles per hour, for twelve hours, it will require nine 
hundred weight to drive her the same distance in four hours, 
and thirty-six hundred weight lo bring her to the very ordi- 
nary speed of twelve roiiea per hour for the same length of 

573. But inertia is not the only force to be overcome 
when a body moves through a liquid : it is also opposed by 
hydrostatic pressure. While an immersed body is at rest, 
the liquid presses equally upon it in all directions; but the 
moment it begins to move, the pressure behind is dimin- 
ished ; for this can only be kept up in consequence of the 
liquid driven aside by the body coming together in its rear so 
as to react upon it. This reunion is eflectcd only by the com- 
munication of motion to particles at rest, or by a change of 
direction in those already moving, which requires the appli- 
cation of force. The force that closes the liquid behind the 
body is the hydrostatic pressure of the liquid itself. Now, all 
that portion of the hydrostatic pressure which is expended 
in giving momentum to these particles, is lost in its effect 
upon the body itself, while that which acts m Antral "'^ '^- 
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moviD^ body lospB none of its enei^. It therefore reqmia 
more than the square of the force in action to double the ■¥» 
locily of a boat, and this law Boon limits the increase of qieed 
with which such machinery can be propelled by ait, bj 
bringing the required force to a point which the materiaii^ 
the machinery will not endure without being crUGhed. 

57i. Bodies may be made lo move so rapidly through 
water as to exceed the speed with which the particles can 
follow or cloae in laterally behind them. There is, then, of 
course, a >-acuum formed in their rear; and they are com- 
pelled to conquer not only the inertia of the liquid before 
them, but, in addition to this, the entire hydrostatic pressure 
of the column of the liquid in which Ihe^ are immersed, 
added, in most instances, to the pressure oi the almoEpbere 
resting upon it, 

575, This increased resistance from hydrostatic pressure is 
not confined to bodies moving in a liquid : a cannon-ball 
experiences it in the air, and may pass so rapidly that even 
that light Quid fails to close up behind it in time to preveot 
the formation of a vacuum. It is found practically uselew 
to discharge shot from cannon with a velocity greater than 
1200 feet per second, because the velocity beyond that mei- 
BUre is almost immediately destroyed by the tremendous re- 
sistance of the air. Gases being compressible to a great extent, 
must be crowded before bodies in rapid motion, so as greatly to 
increase the resistance, in consequence of the elastic reaction 
of the air thus compressed between the moving body and the 
fluid which lies farther from it, and of which the reaction is 
not yet overcome. That the inertia of the particles, at some 
distance in advance, though acted upon by the pressure of 
the approaching mass, is not instantly or immediately over- 
come, is obvious from the fact, that the current produced by 
the motion is scarcely perceptible in front, but is very pow- 
erful behind the moving body. This latter rule applies to 
liquids called inelastic, as well as gases. 

576. The influence of hydrostatic pressure in opposing 
the motion of bodies, is beautifully displayed by the effect 
of a steamboat passing rapidly along a narrow river. By 
studying the actual piling up of the water in front ; the di- 
rection and causes of the waves that spread out from the 
bow and the waist of the boat, finally breaking upon either 
shore ; the agitation of the water behind the stern, and the 
pursuing current in the wake, It^ether with the course and 
influence of the great swells thrown up by the paddles, you 
■"Jaj see developed a multitude of interesting problems in 
\ydrostatics and hydrawlics. 
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-'.577. The opposition offered to the motion of a body by a 

^^aid depends much upon the form of the surface and the 

^dtMction of its advance. If a flat body be moving directly 

..ffHAinst a fluid, the resistance from inertia ia very great ; and 

jjr obliquely, it is less in proportion to that obliquity; but it 

is unnecessary to enlarge upon thia subject, for it is evidently 

regulated by the laws governing the action of solids upon 

inclined planes, modified by the peculiar condiliona of the 

particles of different fluids. With those laws you are already 

acquainted ; and the influence of these peculiar circumstances 

13 much more readily determined by experiment and tAserva.- 

tion, than by reasoning and calculation. 

578. The resistance from hydrostatic pressure is very much 
diminished when the moving body has a figure that ftcilitates 
the return of the particles in its rear after they have been 
divided in front. Ships and the most rapid fish are made 
rounding, though bold in front, to act with all the advantage 

. of the wedge, scientifically curved in parting the water, 
, while they are rendered more gradually sloping and taper 
; behind, in order to allow the most ready return of the fluid 
to renew the hydrostatic pressure in the rear. If a ship were 
divided at her waist, and the front part furnished with a flat 
stern, it would sail with the ulmost difficulty, leaving a deep 
trough in rear ; and if a flat board be placed athwart the 
bows of a vessel, she advances no fester than she can move 
sideways, when properly constructed ; because this board 
acts upon the water in the manner of a keel. A body with 
a concave surface is found to move through fluids with even 
greater difiiculty than one that is perfectly flat ; hence oars 
and paddle-wheels are sometimes made concave to increase 
resistance. 

579. The question of the best form for ships or other ma- 
chinery designed to answer a given purpose with the least 
possible resistance from fluids upon which they act or re- 
act, is one of great importance, but so complex that it ta 
still a matter of experiment as well as theory. You will 
not be surprised to hear, then, the apparent contradictions 
that a vessel with small sails may exceed in speed a similar 
vessel with larger sails, or that one ship may outstrip an- 
other with a light wind, yet be overhauled and passed by 
her, under a heavier breeze. In fact, no artisan can apply a 
greater extent of physical science to useful purpose than the 
navigator in advising with the ahip-buiider, the stevedore, 
and the sail-maker, and in commanding his helmsman, and 
his mates. If you boar in mind that the resialawLe ol ^ ft».\i. 
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by iU inertia, acU as if the whole force were acting it tk 
centre of resistance or percussion; — that the hydrodidt 
pressure acts directly as the depth; — that projectile font 
and gravity act as if concentrated in the centre of giavitij, 
and the buoyant force impressed upon floating bodiei acts uif 
concentrated at their centres of buoyancy, ynu will perceive 
how completely questions of fluid resistance are legulatcd 
by the laws of the pressure and impact of solids, and will 
have no more diEBculty in understanding the effect of a 
stream in turning a water-wheel, the wind in driving a sail, 
or a sail in driving a ship, than in calculating the motion of 
a pendulum, the resolution of the force exercised by one 
biliiard-ball upon another, the overturning of a carriage on 
the hill-side, or any question involving the laws of inertia, 
the inclined plane, and the lever ; except bo far as it is more 
difficult to understand the eflects of a great many little bodicE 
(particles) than those of a single large body. Most of these 
questions, indeed, may be determined mainly by the resoli;- 
tion of forces and the law of the lever, if we neglect the 
effects of fluid cohesion and friction, which compel us geos' 
rally to correct our theory by experiment. 

580. Of Waxes. — When a pebble is thrown into a pond, it 
not only depresses the column of water upon which it BtriLes, 
but thrusts aside part of the water which il displaces. The 
inertia of the water beyond the immediate influence of the 
blow, prevents the particles from moving freely in a Jaleral 
direction, to allow room for the pebble, and they therefore 
become piled up on all sides, by the action of the two op- 
posing forces, and are compelled to assume Ihe form of a 




circular wave. Let the dark line, I K, Fig. 212, represent 
a view in section of a fluid surface beneath which a pebble 
has just disappeared at C The pit formed at this point then 
represents the depression of Ihe column on which the pebble 
feil, and the round elevations, A and B, are views in section 
of the circular wave thrust aside by it ; neither of which, in 
the first instance, ciiaqg^. perceptibly the general level 
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^^Bwater marked by the horizontal parts of the dark line, 

^TCi Now, it is evident, from the laws of fluid pressure, 
';,it every particle ia the wave, A B, which is above the 
vA, must fall by gravity when the disturbing cause ceases 
. o act, and that every particle at the surface of the little pit, 
C, must rise by the hydrostatic preasure of the fluid around 
it. Let the black dota at A and C represent two particles; 
one in the wave, the other in the pit. By the laws of gra- 
vity, the particle A will fall with mcreasing velocity tifi it 
reaches the general level ; but, by the laws of momentum, it 
cannot stop there : it must continue to fall with a retarded 
velocity, until its acquired momentum is lost in overcoming 
the upward pressure of (he increasing column of water above 
it ; and this is only accomplished (friction and atmospheric 
resistance excepted) when it hoM fallen as deep below the 
surface as it was previously raised above it. For precisely 
similar reasons, the particle C must rise to an elevation equal 

: to its previous depression. Thus each particle in a wave has 
a tendency to vibrate like a distinct pendulum: and hence, 

] in a few moments, the depression becomes an elevation, and 
the elevation is changed into a depression, as represented by 
the dotted line in the figure at L, D and E. It is evident 
that this vibration would continue without end, were it not 
that atmospheric resistance and other causes soon destroy the 
vibratory motion, and brin^ the water to rest. 

SSI. The molion of the water in waves, when undisturbed 
by other causes than the momentary forces producing them, 
is therefore almost exclusively an upright, and not a progres- 
sive motion. Why, then, do waves, raised by a pebble, ap- 
pear to roll outwards, in concentric and spreading circles, 
until they cease to rise perceptibly above the surface in con- 
sequence of the increase in width and diminution in height 
caused by friction and atmospheric resialance? This difli- 
ciilty will at once disappear when you consider that the par- 
ticles immediately around the pebble or any other depressing 
force are fir4 thrown up above the general level, the more 
distant columns of molecules bi'ing elevated successively, 
imtii the whole of the first wave ia formed. But the column 
nearest the centre, which is (he first to rise, must also he the 
fir;it to sink, and no column can sink without some other cor- 
responding column risinir to make room for it. Therefore, 
all the particles on the aide of the wave next its origin must 
be subsiding al all times, while those on the opposite ride 
must be constantly moving upward. Moreover, while the 
pit C is being filled up, thp/^'»r<' of the wave, \ft,w^vk- 
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ing, and its mailer exercising pressure upon the suirousdinj 
water equally in all ilireclions. Therefore ; as column aftei 
column of particles Eubsides on the surface next the pebblt^ 
a fiimilar number (rf columns must rise from the general lerd 
towards G and F, under the action of this pressure, and fti» 
the^gvre of the wave rolls on to F G, followed by the Ii^ 
cular groove, D E, created in the same manner by the de- 
scending columns of the same wave in rear aJid the rising 
columns of llie new central «'ave, L. The figure, 1 say, 
rolls onward, hut the matter of the wave simply vibrate 
upward and downward, without any onward movemenl. 
You can now understand why two waves meeting each other 
may ride over each other without interfering, and continue 
their several routs. Throw a handful of pebbles into a quifl 
lake, and you will produce a multitude of wavL-s in concen- 
tric circles, moving off from many centres, and intermingling 
in seeming confusion but real order. You are now also able 
to comprehend the reason why heavy waves roil towards 
the shore in caJms, or even in direct opposition to Ihe wind ; 
and why a high swell often informs the mariner of the occu> 
rence of a gale at a distance of a hundred miles, while, p<T- 
haps, hie vessel is rolling her masts out upon the surface of a 
heaving ocean, glassy in smoothness, and unruffled by a 
breath of air. 

5S3. When a liquid is already in a state of undulation, and 
another force gives rise to a new local depression or eleva- 
tion, the newly-formed waves may be said lo regard the ac- 
tual surface a( each moment as if it were the permanent form 
of the surface ; and they proceed in the same order ovit 
the pre-existing waves and furrows as if the liquid were at 
rest. Hence one wave may become piled on another, and 
one furrow may be grooved out at the boKom of another, 
so as to increase the height and depth of Ihe apparent 
waves. Thus, when two equal waves meet in such a manner 
that the summit of one is distant from the other by exactly 
the length of either wave, measured from the bottom of one 
furrow or trough of t/ie sea lo the bottom of the nest, Ihe 
height of Ihe swell is doubled at the moment of their coin- 
cidence. 

583. But, on the other hand, though the matter contained 
in waves is impermeable, the forms or figureawhich we call 
waves are not material, being only composed of variable 
spaces, defined for the moment only", by matter in a state of 
motion ; and lliey are therefore perfectly permeable, as all 
spaces are permt-able. Hence, if one wave meet another in 



such a manner as to retard the motion of the moving columns 
of liquid, the height and depth of the waves will be neces- 
sarily diminished, as if one wave rolled into another instead 
of rolling over it. Thus ; if two equal wares meet in such 
a manner that the summit of one wave, if continued, would 
correspond exactly with the trough of the other, l/iey must 
jiroilvce xmootkneM of surface; because the columns of 
particles at the place of meeting are urged upward by the 
elevation of one of the approaching waves, and downwards 
by the depression of the other, at the same moment of time-, 
and these equal and opposite forces must necessarily produce 
a state of relative rest. 

584. Between the two foregoing effpcts of the meeting of 
waves, every variety of intermediate effect may be produced. 
Hence, a fresh gale not unfreqnently smooths a previously 
rough sea, for a time, until a new swell is occasioned bv its 
continuance. 

585. The tendency of waves to flow outward from a cen- 
tre, is always the same, though the form of the depression 
which gives rise to them must determine great varieties in 
the mode of its display. The most common cause of their 
production ia the friction and unequal action of winds or 
currents of air upon a watery siiriace. The first puff of 
wind upon a lluid raises a succession of ridges, and the in- 
ertia of the particles in each ridge produces a resistance lo 
the breeze which shields one side of the adjoining lateral 
hollow from its effects, while it allows its whole pressure to 
act on the opposite side. Thus, the inequality once produced, 
the same cause continually increases the height and width of 
the "swells," until the nature of the fluid precludes their 
farther growth. These ridges are necessarily long and nar- 
row, and appear to chase each other in straight lines; but 
the influence of any obstacle will at once display the incor- 
rectness of this appearance ; which results simply from the 
length and parallelism of the ripple rubbed up by the wind. 

586. If waves rolling in from the sea strike upon a pier or 
wharf, those portions which meet the obstacle are reflected, 
and upon the farther side of the pier the water remains smooth, 
forming a safe harbour for shipping; but those portions of 
the iwell which pass the extremities of the obstacle continue 
their course unchecked, and, on passing beyond it, they gra- 
dually spread themselves out in concentric arcs of circles, 
having the corner of the pier or wharf for a centre. Thus, 
by encroaching conlinualiy upon the smooth space as they 
advance, they render the water ^ain roi^h at some di&-- 
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tance from the jner, and contract the dimensions of the 
harbour. 

587. When parallel waves strike a perpendicular vnU 
directly, they are reflected directly ; producing one form of 
what is termed a chapping sea. If they strike obliquely, 
the part which first touches the obstacle is first reflected, 
and as succeeding portions of the figure of each wave re- 
bound from the sur&ce, this figure rolls ofl* at an angle equal 
to the angle of incidence, producing what is called a crcu 
swell or sea. For like reasons, when circular waves meet 
such an obstacle, each wave is returned in the form of a 
reverted arc of a circle, and the retreating swell seems to 
spread from a centre as far beyond the obstacle as its real 
source is distant on the side towards which it moves. Thus 
you perceive that these mere forms of space, because they 
are determined by the moving matter which describes them, 
are governed by the same laws of reflection which regulate 
the motion of elastic solids impinging upon hard substances. 

588. The nature of water renders it incapable of rising 
into simple waves with summits more than ten feet above 
the general level of the fluid ; which, added to the depth of 
the corresponding furrows, gives twenty feet for the extreme 
height of the largest simple wave : but, as the matter of 
every wave is governed by the laws of fluid pressure that 
regulate water at rest (582), a ripple produced by any cause 
upon the surface of a wave gives rise to a secondary series 
of ridges surmounted upon the first, and continuing its course 
over ridge and furrow. A third or a fourth series may be thus 
superadded, until the water is piled to a considf^rable height; 
but the stories, so often told by seamen, of " billows moun- 
tain high,^ are the result of mere optical deception, resulting 
from the rocking or pitching of the vessel, as she plunges or 
heels over towards the trough of the sea. This deception is 
similar to that which causes a hill to appear magnified in 
height and steepness when viewed from the summit of a 
neighbouring hill of nearly equal height. 

589. Though waves are thus limited in height, they are 
unlimited in bulk. The greater the extent of surface on 
which they play, — the longer the continuance and the more 
general the action of the cause producing them — the greater 
will be their bulk. In narrow seas, — such as the great lakes 
of America, the Black, Caspian, Red, and Mediterranean 
seas, and the North Atlantic ocean — where winds are variable 
and the sheet of water moderate, the waves are often high 
and furious, but never very broad. They are therefore more 
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■^'fcngerous, particularly when crosi or chopping, because of 
lie audden motions to which they subject a vessel. But in 
^ fit; Southern ocean, north of the icy regions and south of (he 
~ '^pe of Good Hope, where the wind blows almoet perpetu- 
— "fily from the west, and there is but liltk land to oppose and 
^'sSmnge the direction of a billow until it circumscribes the 
— «irth and renews its race, the waves are ofttn more than a 
mile in width. 

590. Sir Isaac Newton proved tJiat if we consider the 
measure of the surface of the water from the summit of one 
ridge to the summit of the next as the breadth of a wave, 
and cause a pendulum to be formed equal in length to this 
measurement, the water will fall and rise again, and there- 
fore the wave will advance through a distance equal to the 
length of its base, during each vibration of this pendulum.- 

591. Hitherto we have considered the action of waves 
when passing over deep water and uninfluenced by any other 
forces than those which cause the continuance of tlieir vi- 
bration : we must now briefly notice certain effects of winds, 
currents, shoals, and coasts, upon their form and elevation. 

592. When a general current is running in the same di- 
rection with a wave, in an open sea, the matter composing the 
ridge is carried along with it, while the perpendicular move- 
ment of the columns of particles is not altered. The Wave, 
therefore, advances more rapidly in apace, while it preserve* 
the same rate of progress relatively to the moving water. If 
the current be adverse, the wave is retarded in the same 
manner. But if the wind be blowing at the same time, these 
effects are modified. When wind and current have the same 
direction, the latter, by carrying the wave more rapidly for- 
ward, diminishes the effect of the former; but when Ibey 
arc in opposition to each other, this effect is proportionally 
increased. 

593. When waves in a channel suddenly meet a smoother 
current, coming from the water which is not in a stale of 
vibration, this water sweeps into the figure of the approaching 
billows, and by its inertia disturbs the upward motion of the 
columns in front of the waves, rendering their acclivity more 
abrupt. If the current be rapid, it actually trips up the waves, 
so as to* cause their summits to curl over and fall forward 
in regular breakers. The contest between such a current 
and a series of billows ui^ed onward by the wind is often 
tremendous, and exceedingly dangerous to the navigator; but 
the most magnificent display of this action is seen in very 
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and Jail of the tides are remarkably great. The Tvatei nA- j 
iDg in from tlie sea, on the commencement of the fiood tij(, I 
meets the stream desceniiing from the land with poweitul I 
jnomentum, and becomes piled inio an almost perpendicubi 
wall, many feet iii height, over which the Elill rising watets | 
from the ocean pour down, as in a cataract, fomiing a conti- 
nuous breaker across the river, which rushes up into the 
country, sometimes with almost the speed of a race-horsf, 
frequently wrecking vessels and destroying life. This an- 
gular appearance is called a borr. 

594. As it is ihe relative, and not the absolute motions of 
wind, wave, and stream, that regulate Iheir several effeclE, 
it is evident that a sub-^ueous current at sea, oppotiing; Ihe 
wind and waves, or, which is nearly the same in its e^eds, 
a superficial current running with wind and wave over still 
water beneath, must produce a shortening of the front of 
each billow, and if rapid, a more or less complete tripping 
of Ihe water, like that already described. The force of the 
wind being aJwaya greatest upon the subsiding declivity of a 
wave, tends to accelerate its fall; but Ihe inertia of thf 
water on the side which is becalmed resists this forward mo- 
tion : hence, the retreating side becomes llatlened, while the 
opposite side is rendered more bold, and thus the wav^s in- 
crease in height faster than they can in breadth, becoming 
more precipitous in front, A superficial current is alwajs 
generated by the friction of the wind, and increased by ile 
impinging force upon the elevated ridges. The weight of each 
ridge, at its base, renders it too heavy to yield perceptibly lo 
the force of the wind : — not so the Bummits : these being 
lighter, are urged on more rapidly until Ihey may lean over 
forward, and " comb," or fall and " break" in " white-caps." 

595. Very heavy and sudden blasts of wind " knock down 
tlie swell," by blowing off the tops of the billows, and some- 
times reduce a rough sea to a smooth sheet of water, covered 
with deep foam and spray, until, after some lime, waves are 
formed so vast in width thai their rate of speed bears some 
proportion to that of the gale, and the gentleness of their 
curvature preserves their lops. In all severe " blows," the 
lesser waves are tossed into foam, stretching far away, in 
long, dirty, white lines, to leeward, over the larger billows. 

596. When waves advance from deep, into gradually 
shoaler water, the bottom necessarily acts as an inclined 
plane upon the water resting on it. The agitation pro- 
duced by the waves is knowti lo become trifling at a short 
distance below the surface ; and some have fixed its limit at 



7eKteiids to within a distance of a few fathoms from the atmo 
"mhere. Now, if the bottom rise to within leas than this 
(Uatance, its reaction must modify the accent and descent of 
the columns of particles forming a wave. The descending 
columns are retarded in their perpendicular motion, and the 
ascending columns in front are thus subjected for a longer 
time to their hydrostatic pressure ; they must therefore rise 
higher ; thus the ridge becomes more elevated, in relation to 
the general surface, while the reaction of the bottom prevents 
the corresponding depressions from subsiding so low, and the 
wave — a mere figure — is made to ascend the inclined plane, 
while the water is piled up towards the shoal by each suc- 
ceeding w-ave. During the reflux, the water thus elevated, 
overbalancing the hydrostatic pressure of the ocean, lake, or 
river, seeks to regain the general level bj' forming a counter- 
current. It cannot do so on the surface, because this would 
require that it should ascend the approaching waves in oppo- 
sition to gravity : it therefore steals off beneath, along the 
declining bottom, and thus retards and renders more abrupt 
the anterior surface of each billow, in the same manner as a 
counter-current. The water being thus continually urged 
upward on the surface by the waves, and escaping beneath 
in a continued stream called an " imder-tmc,'" it is evident 
that the matter, as well as the figure of the waves, must ac- 
quire a real motion onward towards the shoaler water; untQ 
the two opposing currents materially modify the form of the 
billows, and they become what are termed " ground-swells," 
which often cause the wreck of vessels by urging them upon 
neighbouring shoals. The ground-swell produces a peculiar 
motion &miliar to mariners; and whenever it is perceived, 
the lead is cast, to ascertain the depth of water, though no 
shoal may have been known to exist in the place where it 

597. If the inclined bottom ascend above the ocean level, 
and form a coast, the strength of the contending currents 
continually increases as the waves approach the shore, and 
are lifted more and more above the sea level ; while the re- 
tarding effect of the under-tow, acting most powerfully upon 
the most advanced portion of each billow, ranges them more 
and more nearly into parallel lines, forming what we VetmsSk. 
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974. Bodtn nay he made to morr so npidlr tbna^ 
jtstcr ■• to rxcml the epeed with vhich the partidniu 
felloFW or ctOM •■ likenlijr befaind Ibera. There is, tben, of 
r count, * v«cuva formed ta their rear : and they iR co^ 
petted to conquer not onl^ lh« ioenia of the liquid befnr 
them, but, to addition to this, the entire hvdnKtatic pf^ror: 
of Ihe column of the liquid in «-hich Iher are iromennl, 
added, in most instances, to the pressure of the allDOspInn 
rnltng upon it. 

575. This increaied reastance ffwii h^drostalic preaww is 
not confined to bodiei maring ia a liquid: a caonon-laU 
ex|>erieDces it in the air, and may pass so rapidly thai ereo 
that light fluid ftik to close up behind it in lime to pre»Mrt 
the formation of a vacuutn. It is found practically utelea 
to diccbarge shot firwn tannon with a lelocily greater than 
1200 feel per second, becaose the velocity beyond that nif»- 
lure ia almost immedialely destroyed by the tretnendoui K- 
■istance of the air. Gases being compressible (o a great ezlftit, 
must be crowded before bodies in rapid motioa, so aa greatly la 
increase the resislance, in consequence of the elastic reaclioii 
of the air thus compressed betu-een the moving body and (he 
fluid which lies farther from it, and of which the reectioD if 
not yet overcome. That the inertia of the particlea, st sotet 
distance in advance, though acted upon by the pressure of 
the approaching mass, is not instantly or immediately wr^- 
come, ii obvious from the fact, that the current produced by 
the motion is scarcely perceptible in front, but is very pow- 
erful behind the moving body. This latter rule appiiee lo 
liquids called inelastic, as well as gases. 

f)7f1. The influence of hydrostatic pressure in opposing 
the motion of bodies, is beautifully displayed by the effect 
of a steamboat passing rapidly along a narrow river. B^ 
studying the actual piling up of the water in front ; the di- 
rrction and causes of the waves that spread out from the 
bow and the waist of Ihe boat, finally breaking upon either 
shore ; the i^ifalion of the water behind the slern, and the 
{luriuing current in the wake, together with the course and 
influence of the great swells thrown up by the paddles, you 
tuay see developed a multitude of interesting problems in 
hydi'oiitatics and hydrauUca- 
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attraction are most obvious when it coincides in direction 
with that of the moon, produring the very high tides called 
spring tides, or W'hen it opposes tliat of the moon, pro- 
duclBg nwre moderate tides, called map lidts. 

60-i. It Blrikea all young students with surprise that it 
should be high tide at the same lime at the point of the 
ocean surface Immediately under the moon, where her at- 
traction is strongest, and at the point directly opposite thici, 
where her attraction is weakest. The attempts made to ex- 
plain this seemingly curious fact, in most elementary treatises, 
are very unsatisfactory. It ig a problem too diiEcult for be- 
ginners, involving difficult calculations of attraction and tfa& 
centrifugal forces of the earth and moon, and requires deep 
mathematical knowledge for its solution. I prefer the simple 
statement of the fact to an imperfect explanation, which 
could only give confused and imperfect ideas to mere begin- 
ners in the atudy. 

605. Tides are not strictly waves, but they are affected in 
a similar manner by shoals, coasts, bays and rivers : hence 
the great ^-arieties produced in their height and direction at 
different places ; and as they act upon a vaster scale, these 
differences are proportionally more astonishing. In many 
parts of the Pacitic ocean, the tides are scarcely perceptible [ 
while in the Bay of Fnndy, they rise from forty to sixty 
feet, producing terriiic bores and breakers, and in one. situa- 
tion, on a narrow river, a temporary cataract actually falling 
up-stream, where, at low water, there is a beautiful cataract 
running in the usual direction towards the sea. 



CHAPTER VI. 

PNEUMATICS. 

606. The general properties of solids and Suids have heen 
already bo completely Illustrated that little remains for us lo 
consider under the head of Pneumatics, except the apparently 
peculiar effects produced by the great elasticity of the aira 
and gases upon the motions and forces impressed upon these 
fluids; and as this remarkable elasticity is common to them 
all, though in different degrees, our attention will be almost 
exclusively confined to the peculiar dynamic properties o£ 



Dioving body loan none of its vnergy. It tberHbre reqmni 
more than the «quare of the force in action to double Iben- 
kcity of a boat, and IfaU law soon limits Ibe increase of ip^d 
with' which «uch macbinery csn be propeUed by ut, bf 
fcrii^ng the required force to a poaat whicii the malenal li 
Hie ■ntrJiioery will cot eodure wititout being cmsht^. 

574. Bodiea may be made to more so rapidly thnugb 
VaBer as to ezcenl the speed with which the partidn cu 
fellow or clow in latently behind tbem. There i^, then, t£ 

I coune, ■ vacimiB fonned in their rear ; and they are con>- 
peUrd to conquer not onfj the inertia of the liquid before 
them, but, in addition to this, the entire hvdrostatic picEiurc 
of the column of the liquid in which Ihey are immened, 
■dded, in most inrtaaces, to the pressure of the atmosphere 
retting upon it. 

, 575, This increased resistance from hydrostatic premun ij 
not cotifiaed to bodies moving in a liquid : a cannon-baU 
experiences it in the air, and may pass so rapidly that erea 
(hat light fluid fails to close up behind it ia time to prevenl 
the fbrmaLion of a I'acuum. It is found practically utelesa 
to di»chai^ shot from cannoQ with a velocity greater ibsn 
1200 feet per second, because the velocity beyond that met- 
sure is almost immediately destroyed by the tremendous re- 
sistance of the air. Gases beia^ compressible to a great estenl, 
must be crowded before bodies in rapid motion, to as greatly lo 
increase the resistance, in consequence of the elastic reaclioa 
of the air thus compressed between the moving body and ihe 
fluid which lies farther from it, and of which the reaction is 
not yet overcome. That the inertia of the particles, at some 
distance in advance, though acted upon by the pressure of 
the approaching mass, is not instantly or immediately over- 
come, is obvious from Ihe fact, that the current produced by 
the motion is scarcely perceptible in front, but is very pow- 
erful behind the moving body. This latter rule applies lo 
liquids called inelastic, as well as gases. 

57fi, The influence of hydrostatic pressure in opposing 
the motion of bodies, is beautifully displayed by the effect 
of a steamboat passing rapidly along a narrow river. By 
studying the actual piling up of the water in front ; the di- 
rection and causes of the u'aves that spread out from the 
bow and the waist of the boat, finally breaking upon either 
shore; the agitation of the water behind the stern, and the 
pursuing current in the wake, ti^ether with the course and 
influence of the great swells thrown up by Ihe paddles, you 
"lay see developed a multitude of interesting profalenu in 
lijdrostalics and hydraulics. 



IMPACT OF soLma awd li quins. 

. The opposition offered to the motion of a body by a 
1 depends much upon the form of the surface and the 
directioa of its advance. If a flat body be moving directly 
against a fluid, the resistance from inertia is very great ; and 
if obliquely, it is leas in proportion to that obliquity ; but it 
is unnecessary to enlarge upon this sutiject, for it is evidently 
regulated by the laws governing the action of solids upon 
inclined planes, modified by the peculiar conditions of the 
particles of different fluids. With Ihose laws you are already 
acquainted ; and the influence of these peculiar circumstances 
is much more readily determined by experimeni and observa- 
tion, than by reasoning and calculation. 

578. The resistance from hydrostatic pressure isvery muct 
diminished when the moving body has a figure that facilitates, 
the return of the parliclea in its rear after they have been 
divided in front. Ships and the most rapid fish are made 
rounding, though bold in front, to act with all the advantage 
of the wedge, scientifically curved in parting the water, 
while they are rendered more gradually sloping and taper 
behind, in order to allow the most ready return of Hie fluid 
to renew the hydrostatic pressure in the rear. If a ship were 
divided at her waist, and the front part furnished with a flat 
stern, it would sail with the utmost difficulty, leaving a deep 
trough in rear; and if a flat board be placed athwart the 
bows of a vessel, she advances no faster than she can move 
sideways, when properly constructed ; because this board 
acts upon the water in the manner of a keel, A body with 
a concave surface is found lo move through fluids with even 
greater difiicnlty than one that is perfectly flat : hence oars • 
and paddle-wheels are sometimes made concave to increase ■ j 
resistance. 3 

579. The question of the best form for ships or other ma- ] 
chinery designed to answer a given purpose with the least 
possible resistance from fluids upon which they act or re- 
act, is one of great importance, but so complex that it ia 
still a matter of experiment as well as theory. You will 
not be surprised to hear, then, the apparent contradictions 
that a vessel with smalt sails may exceed in speed a similar 
vessel with larger sails, or that one ship may outstrip an- 
other with a light wind, yet be overhauled and passed by 
her, under a heavier breeze. In fact, do artisan can apply a 
greater extent of physical science to useful purpose than the 
navigator in advising with the ship-builder, the stevedore, 
and the sail-maker, and in commanding his helmsman, and 
his males. If you boar in mind that the rL'siatantii o^ a. ft-viA • 
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wIcT equally in aU dh^dioaa. Tfaer«fcr« ; u rahunD At I 
Cplumn of paiticlM ufaudes aa tfa« surface n«xl th« pctti^ I 
«wiuilar iiuu)lK't«Ccolumiu nnwl rise from the gcncnlW I 
towardt G uiil F, under lb« acdoD of this prefsurf , and ifai I 
l^^^urt of the wave rolls on to F G, followed by lliew I 
CBlar gioove, D E, creattsl Id the sitae manner br ihe^ I 
Kcnding coliiiuns of ibe came ware in r^ar and Oie nsR | 
oolunins of the new cenlral wave, L. The figure, I bJi I 
'tolls oawacd, but the mattrr of the wav« simply vibraM ] 
upwafd and downward, without any onward moT^nt 
You can now understand why two waves meeting «ch otbo | 
puiT/ ride over each other without inlerfering, and continue 
>Jbejr several routs. Throw a handful of pebbles into a qurt | 
lake, and you will produce a multitude of waves in conaii- 
Iric circles, moving off from many centres, and inlerminjlii? 
, ia seeming confusion but real order. Vou are now alioildt 
to comprehend the reason why heavy waves roll \wvii 
the shore in calms, or even in direct opposition to the wind) 
and why a high swell often informs the mariner of the occur- 
rence of a gale at a distance of a hundred miles, while, per- 
haps, his vessel is rolling her masts out upon the eurfnceol't 
heaving ocean, gl&ssy in smoothnees, and unruffled by ■ 
brealb of air. 

562. When a Ii(]uid is already in a state of undulation, ond 

j*" , another force gives rise to a new local depression or elevs- 

1^ tion, the newly-formed waves may be said lo regard the to 

L lual surface at each moment as if it were (he permanent form 

». of the surface; and they proceed in the same order ow 

the pre-esisling waves and furrows as if the liquid were at 

rest. Hence one wave may become piled on anolher, inJ 

one furrow may be grooved out at the bottom of another, 

Eo ai to increase the height and depth of the apparent 

waves. Thus, when two equal waves meet in such a manner 

that the summit of one is distant from the other by exactly 

the length of either wave, measured from the bottom of one 

I furrow or !rov/fh nf the sea to the bottom of the nest, the 

L^ height of the swell is doubled at the moment of their can- 

^T.'cidpiice. 

^^ ^ 583. But, on the other hand, though the matter conlained 

in waves is impermeable, the forme or figures which we call 

waves are not materia], being only composed of variable 

siiacra, defined lor the monaent only, by matter in a stale of 

- Jjiotion ; and they are therefore perfectly permeable, as all 

M' ''"''' °'* permeable. Hence, if one wave meet another in 
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p^lli a manner a^ to retard the motion of the moving columns 
^fiquid, (he height and depth of the waves will be neces- 
ijffr iJiminiahed, as if one wave roUed inta another instead 
^_J^f>liing over it. Thus ; if two pqual waves meet in such 
^^SrVtBN that the summit of one wave, if continued, would 
"jjTeaponil exactly with the trough of the other, thej/ mval 
iroduce smaotfinest of surface; because the columns of 
idTticles at the place of meeting are ut^ed upward by the 
levation of one of the approaching waves, and downwards 
y the depression of the other, at the same moment of time ; 
.nd these equal and opposite forces must necessarily produce 
I state of relative rest. 

58 1. Between the two foregoing effects of the meeting of 
w^aves, every variety of intermediate effect may be produced. 
Hence, B fresh gale not unfrequently smooths a previously 
x-augh sea, tor a tijne, until a new swell is occasioned by its 
continuance. 

585. The tendency of waves to flow outward from a cen- 
tre, ia always the same, though the form of the depression 
■which gives rise to them must determine great varieties in 
the mode of its display. The most common cause of their 
production is the friction and unequal action of winds w 
currents of air Upon a watery surlace. The first puff of 
wind upon a lluid raises a succession of ridges, and the in- 
ertia of the particles in each ridge produces a resistance lo 
the breeze which shields one side of the adjoining lateral 
hoUow from its effects, while it allows its whole pressure lo 
act on the opposite side. Thus, the inequality once produced, 
Ihe same causa continually increases the height and width of 
the "swells," until the nature of the fluid prechides their 
farther growth. These ridges are necessarily long and nar- 
row, and appear to chase each other in straight lines; but 
the influence of any obstacle will at once display the incor- 
rectness of this appearance ; which results simply from the 
length and parallelism of the ripple rubbed up by the wind. 
586. If waves rolling in from the sea strike upon a pier or 
wharf, those portions which meet the obstacle are reflected, 
and upon the farther side of the pier the water remains smooth, 
forming a safe harbour for shipping : but those portions of 
the swell which pass the extremities of the ohstacle continue 
their course unchecked, and, on passing beyond it, they gra^ 
[lually spread themsplves out in concentric arcs of circles, 
having the corner of the pier or wbarf for a centre. Thus, 
by encroaching continually upon the smooth space as they 
advance, they render the water again rough at, »to« &»■- 
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567. Wfaes pnUel wswc ainke m ftrfta^;^ «^ I 
^bwtlj, tbr? an ndcdcd An^dl j : ptodncineaae'"' 
«tHi U leiwd « g*' W' i g •»». If tbey rtr^ " ■ - . 
Ac part which fini toocbn the ofariade it fint lAM I 
and M MCtrrJing po H io na of the figuiv of ckIi vwe t^ I 
boond from the nt&cv, tfai> fi^iii« roUt od' at an u^ tfil I 
to the H^ of iaaieac*, prodncing what m edicd b crut I 
wrJJ or «w. For like reaaona, when cixcnlir wirn mnt \ 
■uch an cMkI*-, each w-»v« m rrturaed in the fan 
tt'vertnl arc of a circle, aod the retr««liiig iirrll 9 
■pread frtHii a centre a« far beyood the obstacle as 
iOurce it diitant on the nde towards which it iiMms. in« 
jrou prrceive that tbese mere forms of Epace. because llw.' 
Br« determioeil by the movio^ mRlter which descntx'i then, 
are governed by the Bime lan-s of reflection which rrgirftle 
the motion of eladic lolidi impinging- upon hard suUtancn. 

588. The nalwe of v.-ater renders it incapable of riiiiij 
Into airo^e M-avea with summits luore than ten feet abort 
the gpoeral level of the fluiit; which, added (o the drplb of 
the correspoodiag furrows, gives twenty fett for the ejrtrew 
height of the largest simple wave : txit, as the mattrr d 
pvi-ry wave is governed by the laws of fluid pressure lial 
regulate H-ater at rest (58S), a ripple produced bv any caaie 
upon the wr^e of a wave gives rise to a secondary fo" 
nf ridges suriuoiinli'd upon the lint, sud coultnuing He couik 
over ridge and I'urrow. A third or a fourth series may be thus 
BiiperaddcHl, until the water ia piled to a considi'rahle hei^li 
but the stories, so often lold by seameii, of " billows moun- 
tain high," are the result of mere optical deception, rcnjllicg 
from the rocking or pitching of the vessel, as she phinicei or 
hetli over towards the trough of the sea. This ilecfplioo is 
similar to thai which reuses a hill to appear magnifietl b 
height and gleepaess when viewed from the summit of a 
neighbouring hill of nearly equal height. 

589. Though waves are thus limited in height, they are 
unlimited in bulk. The greater (he extent of surface on 
which they play, — -the longer the continuance and the more 
{general the action of (he cause producing them — the greairr 
will bH their hulk. In narrow seas, — such as the great lakfi 
"' ' ' , (he Black, Caspian, Red, and Mediterranean 

North Atlantic ocean — where winds are variable 
of water moderate, the waves are often high 
,it nevr very broad. They are therefore more 
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^erous, particularly when cross or chopping, because of 

■Be sudden molions lo which they subject a vessel. But in 

'^fie Southern ocean, north of the icy regions and eoulh of the 

^B^>e of Good Hope, where the wind blows almost perpetu- 

Mun* from the west, and there is but little land to oppose and 

■■SiBltge the direction of a billow until it circumscribes the 

Hirth and renews its race, the wavea are often more than a 

mile in width. 

590. Sir Isaac Newton proved tliat if we consider the 
measure of the surface of the water from the summit of one 
ridge to the summit of the nest as the breadth of a wave, 
and cause a pendulum to be formed equal in length to this 
measurement, the water will fall and rise again, and there- 
fore the wave will advance through a distance equal to the 
length of its base, during each vibration of this pendulum. 

591. Hitherto we have considered the action of wavea 
when passing over deep water and uninfluenced by any other 
forces than those which cause the continuance of their vi- 
bration : we must now briefly notice certain effects of winds, 
currents, shoals, and coasts, upon their form and elevation. 

593. When a general current is running in the same di- 
rection with a wave, in an open sea, the matter composing the 
ridge is carried along with it, while the perpendicular move- 
ment of the columns of particles is not altered. The wave, 
therefore, advances more rapidly in space, while it preserves 
the same rate of progress relatively to the moving water. If 
the current be adverse, the wave is retarded in the same 
manner. But if the wind be blowing at the same time, these 
effects are modified. When wind and current have the same 
direction, the latter, by carrying the wave more rapidly for- 
ward, diminishes the effect of the former; but when they 
are in opposition to each other, this effect is proportionally 
increaswi. 

593. When wavea in a channel suddenly meet a smoother 
current, coming from the water which is not in a state of 
vibration, this water sweeps into the figure of the approaching 
billows, and by its inertia disturbs the upward motion of the 
columns in front of the waves, rendering their acclivity more 
abrupt. If the current be rapid, i( actually trips up the waves, 
so as tO' cause their summits to curl over and fall forward 
in regular breakers. The contest between such a current 
and a series of billows urged onward by the wind is often 
treraeudoufl, and exceedingly dangerous lo the navigator; but 
the most magnificent display of this action Is seen in very 
rapid and large navigable riversj in tttnafaong 'wVieie. Sefc "Wfc 
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[1 of the tides are remarkably great. The walct 1>^ I 
from the tea, on the commencement of the flood f*, | 

deact-nding front the land wiih p 
itUR), and becomes pileid into an alnxwl perpeitdiate I 
I, many fefl in boight, over which the &till risingW- 
be ocean pour down, as in a cataract, fontiing a o 
Iffjoiu bi-eaker acroes the river, which nishea Qp idId Qt I 
l^ounlry, eomi'tlme* with almoet the speed of a ncf-twtif, I 
Jfcrquontly wrecking vessels ajid destroying life. Thii O 
I nilor appearance is called a borr. 

bSi. As it is the relative, and not the absolute molioui' 1 

rnd, wave, and stream, that regulate their several tSfdi, 1 
is evident thai a sub-aqueous current at sea, oppoEioete | 
vind and waves, or, which is nearly the sanne in JtseE^cti, ' 
& superficial current runnii^ with wind ami wave o' 
jraler beneath, must produce a shortening of the front of 
each billow, and if rapid, a mare or less complete (rippii^ 
of the water, like thai already described. The force of Ihf 
wind being always greatest upon the suheidiag declivity of t 
Wave, tends to accelerate its fall ; but the inertiB of &t 
water on the aide which is becalmed resists this forward no- 
(ion : hence, the retreating side becomes flattened, while Ibe 
opposite side is rendered more bold, and thus the wavw in- 
crease in height faster than they can in breadth, becoming 
more precipitous in front. A superficial current is nlways 
generated by the friction of the wind, and increased by ilj 
impinging force upon the elevated ridges. The weight of encli 
ridge, at its base, renders it too heavy to yield perceptibly lo 
the force of Ihe wind: — not so the sunimils: these being 
lighter, are ui^ed on more rapidly until they may lean over 
forward, and " comb," or fall and " break" in " white-cnpi." 

595. Very heavy and sudden blasts of wind " knock dowu 
the swell," by blowing off the tops of the billows, and some- 
times reduce a rough sea to a smooth sheet of water, covered 
with deep foam and spray, until, after some time, waves tK 
formed so vast in width that their rate of speed bears some 
proportion lo that of the gale, and the gentleness of their 
curvature preserves their lops. In all severe " blows," the 
lesser waves are tossed into foam, stretching far away, in 
long, dirty, white lines, lo leeward, over the larger billows. 

59f>. When waves advance from deep, into gradually 
shoaler water, the bottom necessarily acts as an inclined 

Slane upon the water resting on it. The agitation pro- 
duced by the waves is known to become trifling at n Ehort 



distance below the surface ; and s( 



Il^lhuty feet. Thia is uodoubtedty on error ; but we have rea- 
Mlpn to believe that 

■'>■- 

i extends to within a distance of a few fathoms from the attno- 
■ sphere. Now, if the bottom rise to within less than this 
distance, its reaction must modify (he ascent and descent of 
the columns of particles forming a wave. The descending 
columns are retarded in their perpendicular motion, and the 
ascending columns in front are thus subjected for a longer 
time to their hydrostatic pressure ; they must therefore rise 
higher: thus the ridge becomes more elevated, in relation to 
the general surface, while the reaction of the bottom prevents 
the corresponding depressions from subsiding so low, and the 
wave — a mere figure — is made to aecend the inclined plane, 
while the water is piled up towards the shoal by each suc- 
ceeding wave. During the retluK, the water thus elevated, 
overbalancing the hydrostatic pressure of the ocean, lake, or 
river, seeks to regain the general level by forming a counter^ 
current. It cannot do so on the surface, because this would 
require that it should ascend the approaching waves in oppo- 
sition to gravity : it therefore steals off beneath, along the 
declining bottom, and thus retards and renders more abrupt 
the anterior surface of each billow, in the same manner as a 
counter-current. The water being thus continually urged 
upward on the surface by the waves, and escaping beneath 
in a continued stream called an " vnder-ioie," it is evident 
that the matter, as well as the figure of the waves, must ac- 
quire a real motion onward towards the shoaler water; until 
the two opposing currents materially modify the form of the 
billows, and they become what are termed "ground-swells," 
which often cause the wreck of vessels by urging them upon 
neighbouring shoals. The ground-swell produces a peculiar 
motion familiar to mariners ; and whenever it is perceived, 
the lead is cast, to ascertain the depth of water, though no 
shoal may have been known to exist in the place where it 
occurs. 

597. If the inclined bottom ascend above the ocean level, 
and form a coast, the strength of the contending currents 
continually increases as the waves approach the shore, and 
are lifted more and more above the sea level ; while the re- 
tarding effect of the under-low, acting most powerfully upon 
the most advanced portion of each billow, ranges them more 
and more nearly into parallel lines, ibvmiTi^-wWV Me \,cTntfA, 
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'"ioUpt*;" andthwe are reodered steeper and dmicwbi 
SonI, until Ihey comb, topple over, and form tboM Uam 
iNf niurinrrs called the brtakrri. The onward motion iffc 
liarface continually increases, and u'hen a wave il Mt 
i^crndi upon Ihe coasts, it falls like a torrent upoau 
head), — particularly if ui^rd by the wind — and swwpf 
Jff abovp the level of the summits of the higbrrt wavw. I 
B then met;! B perpendicular or steep rocky ascent, ilPT 
|ic daalifd in tpray to an astonishiDg height. Solid rocbil 
great Hzo are often broken or carried far inland by tbt fcw 
of breakers; and the ppray of the ocean sometiiuea ew(^ 
0»er lofty promontories, such as that of IVahsnt, depodtin 
jt> tatt upon the Gummits of buildings or blighting lE^eUiw 
fat many miles. 

598. OfTidrt. — The tides are great elevations of Iheocran, 
resembling waves, in some respects^ produced by the allrsciiw 
of the moon, the sun, and other planetary bodies ; those pco 
duced by Ihe planets and more distant stars being, howfvn, 
altogether imperceptible. 

599. There are always two nearly Btnriilar tides co-fiislii»E 
on opposite sides of the earth, and the deepest deprwCTS" 
between them are found at the distance of ninety dmw 
from their points of greatest clevalion. 

600. If the earth were entirety covered m ith walpr, fa 
points of highest tide would be found at all times a short di»- 
tance eastward of those points on the earth's surface ibroifll 
which would pasa a straiKhl line drawn from the centre of Hw 
attracting body, and tranb-fixing the earth through its c*ntff 
also. It is evident that these points must apparently tiavfi 
westward as rapidly as the body producing the elevation; 
and hence there would be two high and two low tides, in 'he 
course of about twentj'-four hours. 

601. The reason why high tides do not occur at any par- 
ticular place exactly at the time when the attracting body ii 
at the zenith or the nadir of that place, is simply this ; the 
attraction coulinues to act for some time on Ihe \valer, after 
this force has ceased to act with full vigour ; and hence it 
continues to increase its previous effect for a lime ; nor is Ihf 
upward momentum of the waters lost upon the instant thit 
the attraction begins to decline. 

602. The principal tides observed upon the ocean are 
caused by the attraction of the moon, and occur about three 
quarters of an hour later every day, because the moon reachw 
Its daily highest elevation later by about that length of time- 

fiftQ T^ , ._._ .:.,^, but Ihe effects of its 
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attraction are most obvioua when Jl coincideB in direction 
with that of the moon, producing the very high tides called' 
spring tides, or when it opposes that of the moon, pro- 
ducisg more moderate tides, called neap tides. 

604, It strikes all young atudenta with surprise that it 
should be high tide at the same time a.t the point of the 
ocean surface immedialely under the mooo, where her at- 
traction is strongest, and at the point directly opposite this, 
where her attraction is weakest. The attempts made to ex- 
pbtia this seemingly curious fact, in most elementary treatises, 

, are very unsatisfactory. It is a problem too diiEcult for be- 
, ^nera, involving difficult calculations of attraction and the 
. centrifugal forces of the earth and moon, and requires deep 
mathematical knowledge for ils solution. I prefer the simple 
statement of the fact to an imperfect explanation, which 
could only give confused and imperfect ideas to mere begin- 
ners in the study. 

605. Tides are not strictly waves, but they are affected in 
a similar manner by shoals, coasts, bays and rivers: hence 
the great varieties produced in their height and direction at 
diSereat places; and as they act upon a vaster scale, these 
differences are proportionally more astonishing. In many 
parts of the Pacific ocean, the tides are scarcely perceptible ; 
while in the Bay of Fundy, they rise from forty to sixty 
feet, producing terrific bores and breakers, and in one situa- 
tion, on a narrow river, a temporary cataract actually falling 
up-stream, where, at low water, there is a beautiful cataract 
running in the usual direction towards the sea. 
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CHAPTER VI. 
PNEUMATICS. 



606. The general properties of solids and fluids have been 
Jready so completely illustrated that little remains for \\s to 
consider under the head of Pneumatics, except the apparently 
peculiar effects produced by the great elasticity of the airs 
and gases upon the motions and forces impressed upon these 
fluids 1 and as this remarkable elasticity is common to them 
all, though in different degrees, our attention will be almost 
exclusively confined to the peculiar dynarti\G ^tJ^^^'^ws cS 
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■pomp or s;rrii)^ Ktia I 
c ttal ittacbed to tW £nawb pnn, tir b fanti | 
,iper b«H attaicbed to u air-gun. If > big c» 
e akic fint of air be co^itied by thu mam iA 
^ the woeU of the fatter will be inattwd « 
~ ■ qortn', while the ^une bulk of water mgli 
I oonces. Ail, Ibca, at the tur&ce of ibe «, ui 
I tefopenture aad preMure, bas about I-769tb[Hl 
of Mw wri^ of water. Suam, oa the contranr, when tndv 
the anw u rc wii w U nc«, bu little more than half the ieoAj 
of uf, the relative dpnstiM at 212° of temperatore bdDgH 
1 to 0.635. Water U composed of the matter of tuni gaM, 
oqrgcB and hydrogen, of which the farmer is wmewlat 
heavier than air, and the latter has about l-13th part of Ibe 
aime weight- .\ir has been condensed under eoormou; hnt, 
oniil it outweighed an equal bulk of water, without axauaiiig 
the Uipid form, but the least increase of pressore iiidsotlj 
redueea a portion of steam at the temperature of 2l2° to 
water. 

608. Under the common pressure of the atmoephere. »r 
finds its way into the pores of all liquids, and nearly all 
Eolidi, except the most dense among the melals. Il can be 
pumped out from ihem by the air-pump, or forced into them 
in greater quantity by the condenser. Thus, when a cup of 
water h placed under the receiver of an air-pitmp, bubble) 
of air begin to rise through it, the moment the machine ii 

609. The pressure of air, as well as that of water, is beau- 
tifully esempltfied in the seemingly paradosical toy called 
Hero's fountain, Fig. 213, in which water is made to ascend 
far alx)ve its level by means of hydrostatic pressure. A is a 
shallow, open basin, forming a cover for the close case or boa, 
K. A tube, B, leads from the bottom of the basin, nearly to 
the bottom of another close box, C, and from the upper tide 
of C, another tube, D, leads to the upper part of the box or 
chamber, E. From near the bottom of this chamber, a third 
tubii, F, usually provided with a stop-cock, passes upward 
■ hrou((h the basin, A, and terminates by a narrow orifice it 
"iKiiit Ihc level of its edge. The lube, F, being dosed,(lM 
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nber, E, u nearly lilted with wa- 
and a sufficient quantity h also 
■ed into the basin, A, to flow 
ugh B, so as to fill the lower 
fiber, C, as high as the end of the 
. As the air in C and E has no 
M of escaping, while P is closed, 
little more water can enter C ; 
more of the fluid being- poured 
the baain, the tube, B, and the 
tm of the basin become filled 
I it, to a proper exteDt, and the 
is then ready for use. You per- 
e, at a glance, that the air in C is 
ICted to the hydrostatic pressure 
le column of water in A and B ; 
air being 769 times lighter than 
;r, this pressure cannot be nearly 
iced by the column in C and 1.', 
ould be the case were these ab' ■ 
1 with WiUer. But, by the law ... ... 

le equality of fluid action in ail 

ct'ions, the air in the upper part of E must press down- 
1 upon the wafer in E, with nearly as much force as the 
mn in A and B exorcises upon Ihe air in C. This water, 
efore, tends to escape upward through F, with about as 
b force as the water in A and B endeavours to run down 
C. Turn the stop-cock then, and the waler in A will 
through B into C, and pressing the confined air into E, 
air will react on the water in the same chamber, forcing 
I rise in a jet from F to a height nearly equal to the 
h of the column in A and B. As the water of the jet 
back into the basin, it keeps up this action till all the 
'r in E has been expelled by the air, and has flowed back 
ugh the basin and tube, B, into the chamber, C. By 
:itutiog a conducting-pipe for the jet, this contrivance 
seen usefully applied to the raising of water for purposes 
Tigation and domestic use ; for it is easy to renew the 
ess at any time by filling the chamber, E, and emptying 
chamber, C. 

10. Thin square bottles are broken when exhausted of air, 
he hydrostatic pressure of the atmosphere without. A 
c of bladder ti»i over the neck of a wide-mouthed re- 
er, from which the air is then exhausted, is pressed upon 
owerfully as to be hurst by the weight of the atniosglwx^i. 
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pkt* it a« lf««l vt Ov Km, «adn- ordtnaij cimuDftuM 
flffarta a coIimh of M g wj Aoot 30 inchei in be;^ I 
^ -*^ wm^pm^ fnM 9 toSl iaebn td SffenM titan, lk^ I 
piagk iptdCc pnitjoT 13.57, ft foUowsOritt I 
M Mffit > ralofRfl of T«y nwfy 3( Mil I 

__ iJmtm of t r ea i* harii^ a ImwverR tnim I 

■f <ac i^jUR mA, aad * ^Liig t h of 30 iDchn, wn^ lil | 
paaait, siMidiqaH. TVa; Um, is tftv nr-arly tbr pRflrt | 



rf ifci <■■[< i[if rvny jqn^^ incli of (nrfacertlb 

lr«Tl tf Ikran, i« enfiavy tnoa-, and Ifac pn«it«*Mi 
Ac Mmai§ILm cxnts wpoa tbp wbole nrlb is f^ WT 
Mriy to tbe vn^ tf u u b U^Ami sra of mnciiif w 
h^n^MPiOr aBBofar spvof w^Cn- SiTeet dctpiOirnm^ 
ioe diF mire nrik. At x ci^nc Ibnt of 'vater n-e^ lUO 
OMBoci, or 62J pMn^ wd nng tii t j i is 1 3.57 timn brsnr, 
il b canr to calcabtr vny nnriT irbal is the actual rtim 
Wright of thf aliu o fb CTy, br drdnttii^ Xbe mlid contfOtlf 
Ibp ntrth (ram a bo^of nmbr fanBiritli a radius SOintba 
greater. Br tfaii twaiB, tbe we^bt erf' fhe almosphm ti 
feubd to FXm^ 5000 tiilliau of tmu. If (his great sra of 
■ir w?re of unilbnn denaty thtoogfaout, its bpighr wmild be 
twariv five miln. 

612. Elaiticitf of Air. — Several ftcts and experitDMilF 
proving the elMticity and cofnpres^bility of air, have bOT 
gtTen already in Ihe preceding pagw; but '• "s proprrhere 
to add some further illustrations. By means of a strong rod' 
dennng-syringe, formed with a yalve acting like IhcweoTi 
pump, air is farced in great quantities into a copper bottlett 
receiver, provided with a valve at its neck ; and (bis veed 
is icrewed upon a gun-stock and barrel, in such a nnowF 
that the valve becomes connected with a peculiar trigger, 
whirh, when drawn, allows a portion of the tur to escsp^ 
into Ih'- barrel. This constitutes the air-gun; and so gr?a' 
ia the el.-tblicity of the confined air, that a bullet may be 
almotrt noiselessly shot forth from it with as much force and 
accuracy as hy powder. An air-gun will throw from (wehe 
to thirty balls in succession, before the charge requires re- 
newal. 

613. Whfn a thin bottle, tightly corked, is placed urdn 
tlif ri'ceiviT of an air-pump and the air exhausted frtm 
around it, the confined air within, being no longer coonta-. 
tcl.'d by exiernal atmospheric pressure, may expand wM^ 
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the WBter marked by Ihe horizontal parts of the dark line, 
I K. Now, it is evident, from the laws of fliiid pressure, 
that every particle in the wave, A B, which is above the 
level, must fall by gravity when the disturbing cause ceases 
to act, and that every particle at the surface of the little pit, 
C, must rise by the hydrostatic pressure of the fiuid around 
it. Let the black dots at A and C represent two particlea; 
one in the wave, the other in the pit. By the laws of gra- 
vity, the particle A will fall with increasing velocity till it 
-: tvachea the general level ; but, by the laws of momentum, it 
3 cannot stop there : it must continue to fall with a retarded 
ii velocity, until its acquired momentum is lost in overcoming 
t the upward pressure of the increasing column of water above 
t it;' and this is only accomplished (friction and atmospheric 
f ^enstance excepted) when it has fallen as deep below the 
I snr&ce as it was previously raised above it. For precisely 
similar reasons, the particle C must rise lo an elevation equal 
to its previous depression. Thus each particle in a Wave has 
a tendency to vibrate like a distinct pendulum: and hence, 
in a few moments, the depression becomes an elevation, and 
the elevation is changed into a depression, as represented by 
the dotted line in the figure at L, D and E. It is evident 
that this vibration would conlitnie without end, were it not 
that atmospheric resistance and other causes soon destroy the 
vibratory motion, and bring the water to rest. 

581. The motion of the water in waves, when undisturbed 
by olher causes than the momentary forces producing them, 
is therefore almost exclusively an upright, and not a progres- 
sive motion. Why, then, do waves, raised by a pebble, ap- 
pear to roll oulwards, in concentric and spreading circles, 
until they cease to rise perceptibly above the surface in con- 
s<:quence of the increase in width and diminution in height 
caused by friction and atmospheric resistance? This diffi- 
culty will at once disappear when you consider that the jftir- 
licles immediately around the pebble or any other depressing 
force are first thrown up above the general level, the more 
distant columns of molecules being elevated successively, 
until the whole of the tirst wave is formed. But the column 
nearest the centre, which is the first to rise, must also be the 
first to sink, and no column can sink without some olher cor- 
responding column rising to make room fiJT it. Therefore, 
all Ihe particles on the side of the wave next its origin must 
be subsiding at all times, while those on Ihe opposite side 
must be constantly moving upward. Moreover, while the 
pit C is beincr filled lip, the,fei(rc of the wavs, K^.'wswV- 
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at what rate the air iniist expand in ascending from the lerel 
of the sea. The calculation would require, it is true, some 
knowledge of algebraical forms, which are excluded from the 
design of this work; and I must therefore confine myselJFto 
the mere statement of the result. 

620. It has been proved, by barometrical observation, thflt 
the density of the air must be reduced to one-fcHuth, at a 

- height of seven miles; and if we fwm an arit^petical series, 
beginning with seven, and having a common difference of 
seven, aiul a corresponding geometrical series, beginning with 
one-fourth, and having the same number for a constant mul- 
tiplier, the members of the fractional series will represent 
the densities for each height in miles represented in the 
series of the whole numbers, that of air at the sur&ce of the 
earth being represented by unity ; Thus : 
Height m miles, 7 14 21 28 35 42 

Corresponding densities, i ^V sh rh T*rr tAt 

621. You can now readily comprehend why common Ift- 
ing^pumps, which raise water twenty-four feet to the move- 
able bucket at the foot of a mountain, may fail to raise it 
twelve feet from a mine near its summit ; and why the air 
becomes oppressive by its weight in the bottom of very deep 
caves or excavations, as it does in diving-bells, where the 
hydrostatic pressure of water is added to that of air. 

622. By this same rule, the density of air at the height 
of 105 miles would be but the 1073741764th part as great as 
that observed at the surface of the earth. Air in this condi- 
tion could not perceptibly interfere with the rays of light, 
propagate the waves of sound, retard appreciably the motion 
of a meteor, or make its existence known by any other action 
sufficiently considerable to be observed during the lifetime 
of one individual. 

623. Though the law just laid down is sufficiently accurate 
for all poetical purposes, it is easy to show that it is not 
exactly correct ; for it is founded upon several suppositions 
which are not entirely true. 

624. It can be shown that the repulsion of the particles 
of air under the influence of gravity, though undefined, and 
therefore said to be indefinite, is not absolutely without limit : 
but the series, in paragraph 620, can never cease by being 
continued, and therefore, according to the Jaw there »iven, 
the expansion of air would never cease in consequence of its 
distance from the centre of attraction. Now, though we 

have reason to suspect that some fvxie eWvet^viX. t^^^vmxv ^<ric<ir 
aUjr occupies at least all that "poTlVou oi ^-y^c^ 'wXvv^ y^ \tiB- 
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Sd in the solar system, we know that this medium can- 
B air. The rules governino; the action of gravity are so 
IcDowi) that we could calculate the density of the atmo- 
jhere which must centre round each planet, if air existed 
tery where ; and os air produces effects upon the rays of 
ght which make its presence known wherever it exists in a 
ertain degree of density, we can determine by actual ob- 
ervation, whether it is present in its Jegitimate amount at>out 
he moon. We do not find it there, and hence our atmo- 
:phere must be of moderate hounds, and should be regarded 
ks a spheroidal bodi/, enclosing the earth, bounded by the 
balance between the mutual repulsion of its particles and the 
attraction of gravitation ■which preEses them together. 

625. Our supposition that the force of gravity was uniform 
throughout the atmosphere, you already know to be errone- 
ous ; but though the weight of the air and its consequent 
prt^ssure must diminish as we ascend, according to the known 
law of gravity, this fact merely hastens a little the rapidity 
of rarefaction, which the Jaw above laid down v/ould lead 
ua to expect : and this is of scarce any importance in calcu- 
lations bounded within the regions which can be traversed by 

626. t'limjieraturf. of the Atmosphere. — But pressure by 
the weight of the superincumbent air is by no means the 
only cause affecting its density. Heat and moisture, acting 
upon a part or the whole of the atmosphere, produce general 
or partial changes, and occasion many of the most curious 
phenomena in nature, on some of which we must now be- 
stow a little attention. 

627. Heat expaniis air or increases its elasticity, and cold 
contracts it or reduces its elasticity, according to the law 
already laid down (fil8). In using the barometer to compare 
the pressure of the air at different places, — as in ascertaining 
the height of mountains — we are obliged on this account to 
make allowance for the state of the Ihermometer, and to re- 
duce our observations to a settled standard of temperature. 

fi38. When any body is suddenly expanded, even by me- 
chanical means, it becomes colder; or perhaps it would be 
more correct to say, that the space which it occupies be- 
comes colder. If sensible caloric be really material, this is 
natural; for, if a given quantity of sensible caloric be dif- 
fused among the particles of a cubic foot of any substance, ' 
such as air, on expanding this substance to the extent of 
three cubic feet, the same amount of sensible caloric will be 
diffused through three times thespBce, and of course, m«at\;i&- 
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t the per, and contract the dimenidoaE of tb 

J 587. When (lorallel waves strike a perpendicok nl 

- jltectly, they are refled^ directly ; producing one ixai 

J'vhU i» termed ii choftptH^ tea. If they strike obliqW^i 

I vHie part which first touches the obstacle ia Snt kSmMi 

Vaul u succeeding portions of (he figure of each nn If 

k bound from the surface, this ^ure rolls off al an angle (^ 

D lh« angle of incidence, producing what is called a cna 

jrrll or aea. For Ulce reasons, when circular wsthikM 

' auch «n obstacle, each wave is returned in Ihe foim dt 

Inverted arc of a circle, and the retreating sn-ell Beeoa It 

Spread from a centre as far beyond the obElacle as iti ImI 

k 'aource is distant on the side towards which it movei. Tta 

l^fcM perceive that these mere forms of space, because IhiJ 

ire determined by the moving matter which describe! tboi 

ire governed by the same laws of reflection which reguhte 

the motion of elislic solids impinging upon hard suklanui- 

588. The nature of water renders it incapable of riiing 
into sitnple waves with sumniila more than ten feet abov* 
th« general level of the fluid ; which, added to the depth of 
UiP corresponding furrows, gives twenty fe* t for (he eitreiM 
height ol the largest simple wave: but, aa the malUr «f 
every wave is governed by the laws of fluid jiresGurr iM 
regulate water at rest (i)82), a rippfe produced by any cmk 
upon the surface of a wave gives rise to a secondary serirt 
of ridges aunnounti'd upon the first, and continuing itsconiK 
over ridge and furrow, A third or a fourth series may be iIid> 
snpradiletl, until the water is piled to a considirable heighl; 
but (he stories, so often told by seamen, of " billows imin- 
tain high," are the result of mere optical deception, rtvulling 
from the rocking or pitching of the vessel, as she plun^ior 
hefU oner towards Ihe (rough of the sea. This deceptioaii 
similar (o that which causes a hill to appear niagniSed in 
height and steepness when viewed from the summit of a 
neighbouring hill of nearly equal heighl. 

589. Though waves are thus limiled in height, they are 
unlimited in bulk. The greater the extent of surface on 
which they play, — the longer the continuance and the more 
general the action of the cause producing them — the grealft 
will be their bulk. In narrow seas, — such as Ihe great lakes 
of America, the Black, Caspian, Red, and Mediterranean 
seas, and the North Atlantic ocean — where winds are variable 
and the sheet of water moderate, the waves are often h^ti 
■*>d furious, but iiev.-r ivrv broad. They are therefore iMMB 
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e why clouds generally render the days cooler, and the 
ta warmer. They diminish radiation. 

"1632. For all these reasons, the general temperature of the 

^^DMKpbere decreases rapidly as we rise above the level of 
fi^fnesea, and at a certain height, varying according lo the lati- 
JiaiB of the place, the cold reachea the intenaity at which 
^fttrater freezes, even during the warmest portion of the year. 
, , Above this lies the region of eternal frost. 
,/.. 633. Tfmperatvre 0/ Clima lea and Mountains. — The sun's 
, rays fall. almost perpendicularly upon the earth throughout 
- the tropical region, more and more obliquely as the latitude 
increases through tlie temperate zones, and glance at a great 
angle, for a part of the year only, within the polar circles. The 
more direct the rays, the greater is the number felling upon 
any given space, and hence the greater is the amount of ca- 
loric received, Tliia gives riae to the varieties of climate. 
You may see them imitated on mountain ranges, on the north 
aides of which the climate is much colder in our latitude, 
than on the south ; becauae the sun is always to the south of 
us, and shines more directly on the side next him. 

634. As the earth revolves round the aun in its annual 
course, its axis of daily revolution is placed obliquely to the 
plane of its orbit, always preserving very nearly the same 
direction. At midsummer, in the northern hemisphere, the 
north pole inclines towards hint, and is illuminated, while at 
midwinter, it is the aouth pole that leans into his light. This 
occasions the succession of the seasons. 

635. These changes necessarily affect the temperature of 
the atmosphere, and produce varieties in the limits of the 
frosty regions. Within the tropics, enow ia unknown at the 
level of the aea ; in the temperate latitudes, it occurs occa- 
sionally in winter, and very rarely in summer ) while in the 
polar regions it is seldom ahsent for any great length of time. 
The limit of eternal frost is found, under the equator, at an 
elevation of a little less than three miles j in the latitude of 
Philadelphia, it is placed at a little more than 1 .7 miles, and 
at the poles, it probably descends to the surfiice of the sea. 

636. Windf.— As the sun heats the air unequally over 
different portions of the earth'a surface, its inlluence conti- 
nually disturbs the equilibrium of the aerial pressure, giving 
rise to the currents called winds. If the surface of the earth 
were smooth and level, these currents would be very regular, 
but as mountains and other irregularities react upon the air 
when in motion, their direction is rendered proverbially va- 
riable. Yet if we glance over the whole woM '« 
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tfrii nAi«l,ve AtUfind f-videnen of ■ lo^nc* 
K MtTt proving •*>■* ^«» fl"* winds are at^ed to me 
*■ — 1. Ai d»e mi U ilwavs shiniiig pn|vii£ctibrif Bf» 
c fut oTlbe nrth witbia the tropics, appamtlv cum)^ 
'*~ d dmng our Muniner, and rrtirice soatfawarj Anisj 

_ .L : — :g ^hi^i, |,£j [i^^ prodncrt thf pnl- 

I in (he l<nrer pcxiicw of the ■lin°- 
t poM in the same nanoer, Dortbn-ani and snlh- 
I back i^n n-ith the spasoos. Thii Tvpai it 
tile for iU repeated calms and sudden gusti. 
'^- lir here perpetually- expanded bj'tbesotARTi, 
•vily, and gives place to the deofrr fluid piw- 
ii^ upon it from the north and south. As it astewfc, 'A 
f expands ontil it difiusei or readers latent the caloric ncfit>ii 
from the tun : and being urged by new foitioos of htiln) 
■ir from below, it spreads itself towards the north and snrth, 
where, being less under the in6aence of (be sun's njs, H 
becomes cooler, and therefore d^'nser, and subsides lo itie 
earth, near the poles, to take the place of the heavy air cuD- 
tinually 6owing towards the tropical regions. By this atlioit, 
the winds are chiefly produced, nhile both the mean tem- 
perature and the purity of the atmosphere are preserrd; 
and were it not for the revolution of the earth on ils tnt, 
we should hare a universal breeze bto«-ing from the poI« 
toward the tropics, near the earth, and from the tropes lo- 
wards the poles above, these opposite currents maintaining i 
continual circulation. 

638. Trade Wind*. — But as the earth communicates ils 
own revolving motion to the atmosphere, by friction, \h 
direction of these great currents is materially modified. The 
general prevalence of calms and irregular gusts of wnd im- 
mediately under the sun dislincllj shows that the atmo- 
sphere at the surface is there revolving with the samt 
rapidity as the earth, except when the expansion of the 
lower air by heat causes large quanlities of it lo rise Eud- 
detily upward, producing a rUEh (rf wind from all points 
toward that spot. If it were revolving more rapidly, Ihe 

Erevalent wind would evidently blow from the west, — that 
sing the direction of the earth's motion — and if less rapidly, 
it would blow from the east. Now, as the current of heated 
air rises beneath the sun, it retains, at first, the velocity de- 
rived from the earth ; but being obliged to move in a laigfT 
circle, it cannot quite keep pace with the earth, and there- 
fort! appears at first to have an easterly tendency as it (lows 
Off towards (he poles. But as this upper air passes towards 
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B north and south, retaining much of its previous 
» brought succeesivelj' over parts of the earth which re- 
'd smaller circlea, and xoon begins to move more rapidly 
lie countriea beneath it, thus producing an oblique 
n the upper air, which, instead of blowing directly 
towards the pole, lends more and more from the westward. 
When these currents reach the neighbourhood of the polar 
regions, so as to become denser, and descend, they reach a 
part of the earth revolving in a circle so small that their re- 
maining velocity, brought from the tropics, causes a strong 
wind from the west, which, in the Southern Ocean, beyond 
the capes, where there is scarce any land to disturb the 
course of the current, blows pretty constantly, throughout 
the year. As (he lower air of the polar regions moves to- 
u^rds the tropics, it gradually loses its increased velocity by 
friclLon, and the winds therefore become variable, though 
with a general tendency from the north, in the northern, 
and the south in the southern hemisphere. The two general 
currents, as they pass from the regions of variable winds to- 
wards the tropics, retain only the velocity of revolution 
acquired in those regions, while the countries over which 
they succeasively pass revolve with increasing rapidity ; 
these currents, therefore, fail more and more lo keep pace 
with the earth, until compelled to do so by its friction ; hence 
the winds, which would otherwise be directly north or south, 
in the corresponding hemispheres, blow more and more from 
the eastward, until the currents approach the region imme- 
diately beneath the sun, where, coming together, and having 
gradually acquired by friction the same velocity of revolit- 
tion with the earth on which they rest, they form that atmo- 
spheric region of calms and gusts, from which we started at 
the commencement of this description. 

639. When any considerable column of air i8-rapi4iy ex- 
panded and prepared to rise, the pressure of the almosphera 
in that region is necessarily diminished, and consequently 
the barometer must fail. This diminution of pressure, whes 
it occasions gusts or storms, usually precedes the gale ; and 
hence, a sudden and considerable fall of the barometer gener 
rally gives notice of the approach of a tempest. Upward 
currents, from this cause, are the most usual causes of storms j 
but the mere acquired velocity of a current descending sud* 
denly in the polar regions may produce a gale ; and such a 
current is often attended by a ridng of ihe barometer. Thii 
latter phenomenon is said to be common in New Holland, 
from some unknown local cause. 
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d to th? grral masses of air, clasbiag with the vast forc«' ' 
eir previously acquired momentum. This may pile 
up and condense the atmosphere, occasioning phenomena 
like to an atmospheric bore, and may account also for the fact 
that, during violent storms, the mercury ia the barometer ii 
usually much ^itated, and towards the conclusion of the 
gale, sometimefi rises high above its previous level, from the 
additional depth or density of the atmosphere at that place. 

64>3. Land aiid Si:a-Breeze». — The parliiil influence of 
the sun's heat produces effects similar to its general influence, 
but upon a smaller scale ; as is beautifully displayed by the 
land and sea-breezes of large islands and the shores of conti- 
nents. Eai-th radiates caloric more rapidly than water, 
while it arrests it more perfectly ; consequently, the air over 
the land becomes more rapidly heated and expanded, during 
the day, than does that which rests upon the sea ; conse- 
quently, the former rises while the sun is above the horizon, 
and (he cooler air of the ocean niBhes io to supply its place ; 
thus forming the sea-breeze. On (he contrary, during the 
night, the air over the land becomes cooler than that resting 
on the water, which fluid retains a temperature more uni- 
form. After sunset, the quickly cooled and denser atmo- 
sphere of (he land rushes out to sea to counterbalance (he 
relatively lighter atmosphere of the ocean ; and thus it forms 
the land-breezp. Whenever the heat of the sun takes more efiect 
in any particular spot than on the neighbouring surface, there 
the same causes must constantly produce similar effects upon 
a still smaller scale. Thus, if one set of openings be made 
in the eaves, and another near the peak of a roof, the heat of 
the sun expands the air beneath the roof, and causes it to 
rush out at the peak, while cooler currents enter at the eaves. 
ThiLi you perceive (ha( the ventilation of houses depends 
upon the same causes that produce the trade-winds, and can 
understand how a fire in the woods, or the discharges of 
powder in a sea-fight, may produce an upward current, fol- 
lowed, in many instances, by actual storms. When lai^e 
fleets have been engaged in action, the ve^pls that have been 
crippled in the fight are oflea lost in the gale which almost 
always succeeds it. The general principles upon which 
these various effecls depend apply equally to all fluids, and 
you will find daily occasion to apply them, if you v 
serve what passes around you. 

644. Moisliire of the AtmospkeTF. — It is found that when \ 
a vacuum is formed over the surface of any liquid, — water, 
for instance — particles of the liquid rise into vW ' 
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64G, Now, the tendency of water to assume the vapory 
form exiala in equal force, whether the liquid be eubjected to 
the pressure of air or not ; and it is a curious fact that it 
actually displays itself lo the same extent, though more 
gently and slowly, under the weight of the atmosphere, than 
in a vacuum. The molecules of evaporated water find their 
way between those of the air, just as the latter penetrate be- 
tween the particles of solids, with a degree of difficulty pro- 
portional lo the density of the matter to be penetrated. 

647. M. Daiton appears to have shown that the two 
gases chiefly composing the atmosphere — oxygen and nitro- 
gen — are not combined by the mutual attraction of their 
molecules, but simpiy intfrviingled in consequence of their 
several elafticities, and that all gases and the vapours are go- 
verned in this respect by the same laws ; their particles 
being kept asunder simply by caloric. 

648. It is only when the temperature increases the elas- 
ticity of water to an equality with that of the air pressing upon 
it, that it ever passes into vapour as rapidly as it can be sup- 
plied with latent caloric by surrounding bodies, or, in other 
words, begins to boil. It would then burst at once into vapour, 
with tremendous explosion, were it not for the time occu- 
pied In obtaining the necessary caloric to be rendered latent. 
At the surface of the sea, under an average of atmospheric 
pressure, this occurs at 212 degrees of temperature; both the 
expansive force of vapour and the pressure of the atmosphere ^ 
being then equal lo very nearly fifteen pounds on every square 
inch of surface. But at such a height as would reduce the 
mercury in the barometer fifteen inches, the atmospheric 
pressure would be but seven and a half pounds on the square 
inch; and, by consulting the table, you will perceive that 
water would there boil at a temperature of 180 degreesj 
could it obtain sutficient caloric suddenly ; and, at 32 degrees, 
it would thus boil or explode under a pressure equal to one 
ai:d a half ounces on the square inch ; but, owing to the slow- 
ness with which it receives and renders latent the caloric 
communicated to it, it simply evaporates with great ra- 
pidity at low temperatures, even in vacuo ; and the formation 
of bubbles of steam, which produce the phenomenon called 
boiling, does not take place in the exhausted receiver of a 
common air-pump, at a temperature much below 100 degrees. 
In a perfect vacuum, it is supposed that boiling would occur 
at 75 degrees. Ether, floating on water, boils spontaneously 
and so rapidly at ordinary temperatures, in a tolerably com- 
plete vacuum, that it may be made to freeze the water by 
absorbing its caloric and rendurtng it LaXenL 
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649. Evmporatioa pm on ham Ae mafttx *i kt, 

Ux below lite frec M g point i far, if jw 
• Mibituice in tht opni air, ia vat aak d 
cooninpoMc in (lie oUkt, crm wIkh the tt» 
at imo, • few da j« wQl oonvince jtM U 
brcofiM obvioad^ lighttr, Mpcciallj if ik •a' 
kUowing; for enporattoa ia noR povniailr tni«Abf 
■UII air tbui by air in motion. In caaan|BnKe'(if Dm UK 
&c(, wain may be cooled for tirinkiog by pbaag it i»> 
porouK, uHKlaz^ vn«el, or ooe corered by a «ret clotti,Ml 
npunng Ihe venel lo a rtrot^ current of Ary air. If A* 
doth b* kept wet with Mber, and the vewerbe naU aJ 
thin, ice may be formed in thU manner. The brmer ptooi 
U cofflinonly used, and the lattc-r baa be^n effected ii Ik 
hotttwt climates. 

650. If Ihe almosphere were quiescent, eTapwatioD woiti 
aoon fill the intervals of its parficleE with a quanlHy of n- 
pour varyinff in every part wilh the pre»»urr, wbich laA 
to increaie ibe deoiity of aerial fluids and (he umjVTattirt, 
which, when increased or diminished, lends to eipami « 
Goiilract ihese fluids. This quaniity would everywhere be 
Ihc greateit in densily which could be rendered inviabk b« 
evaporation under the existing preuiire ; and now, if alone 
With exiracled from any part ot the atmospberv, when ihui 
charged with nioislure, Ihe sir and vapour would both ex- 
tract, from having Iheir elasticity diminished by the loa of 
the repulmve force between the particles ; and consequenllj 
flieir density would be increased. But the density rf lie 
vapour being already as great as [loesible under the exiitiog 
pressure, even with the previous temperature, a portion of il 
would necesBurily become condensed into water or ice, ac- 
cording lo ihe degree of coldntss, — taking the form of cloud, 
mist, dew, rain, hail, or snow : and this condensation would 
continue until all the vapour underwent the change, were il 
not that in contracting and changing its form, i( gives out a 
quunlily of latent caloric which, by elevating the tempera- 
ture of Ihe remaining vapour as well as that of the air co&- 
taining il, soon slops the process by reproducing a balance 
between the preKsure and the repulsive (bree. 

651. If, in a mixed atmoEphtre usually quieBcent, an up- 
ward current were to occiir, Ihe vapour would expand and 
bi>cumc colder, in the same manner as the air ; for all gases 
and vapours expand equally, with similar additions of heat, 
bocaiiK the antagonizing force of cohesive attraction is iin- 
Ifrecplibli- in ai'riform fluids, and their expansion is regu- 



nitied by the heat alone, not by the repulsioo of the particles 
II themselves. But the vapour cannot expand without rendering 
.iBtest an addilioaal portion of caloric, and this caloric it must 
■ obtain from itself, ior it cannot obtain it from the expanding 
. air, which requires for its own use all that it can supply. 
, Now, if caloric be taken from vapour at any temperature, 
, when that vapour is as ileniie as possible under the existing 
degree of pressure, at the moment, it is evident that it must 
become more di.>n9e than possible while it retains the vapory 
form. A portion must therefore return to the liquid or solid 
state, producing a cloud, fog, snow, hail, or rain, which 
urould fall towards the earth ; and this portion, by liberating 
part of its latent caloric, Eupplies the remaining vapour with 
that caloric which is required to maintain its proper elasticity 
under the diminished pressure of the higher region which it 

652. On the contrary, if, in such an atmosphere, a downward 
current were to occur, the vapour would be increased in 
density, and caloric would be pressed out of it, and would 
raise the temperature of the surrounding air, unless more 
vapour could be obtained from surrounding bodies by means 
of evaporation, to absorb or employ this caloric. 

fi5S. If, instead of an ascending or descending current, a 
polar or equatorial current were established, it is evident 
that the former would he continually acquiring more vapour 
by evaporation from the earth and sea, as it moved into 
warmer climates, while the latter would be continually de- 
poiitiug water in some of tbe forms already named, as it 
passed into colder regions, and that it would thus lend to 
moderate climalps by means similar to those already described 
iii a former chapter. 

tjii4. U' you will bear in mind what has tieen already men- 
tioned in relation to the great aerial currents and winds of 
our atmosphere, and recollect also that the air, everywhere 
mixed with vapour, sweeps that vapour along with it in all 
its changes of position, while air Irom which cold has ex- 
p.'lled, by condensation, a portion of the vapour previously 
contained in it, cannot recover that loss except by the slow 
process of evaporation, you will comprehend that vapour 
must exist in excessive or deficient amount in every portion 
of the aerial ocean at different limes, owing to the constant 
changes of pressure and temperature, the action of winds, 
and the variations of climate, the season, &c. 

655. When the exhaustion of air from the receiver of 
air-pump first commences, tbe remaining ait ttiCTtra^wto 
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misty bj the condensation of vapour, owing to the coldness 
produced by its expansion ; but, as the exhaustion is conti^ 
nued, this mist is again evaporated, in consequence of the 
decrease of the pressure, and the caloric shooting into tho 
vacuum from surrounding bodies. 

656. Formation of Detc, — Dew is produced by a depoa- 
tion of water upon the surface of bodies so much colder than 
the air in contact with them as to reduce its temperature be- 
low the point at which the vapour in the air immediately 
adjoining them can wholly preserve the vaporous condition. 
A portion of this vapour, therefore, collects in drops of water 
upon the cold surfaces; and these coalescing, often form 
streams upon perpendicular bodies or inclined planes, as, on 
the outside of a pitcher containing ice in the heat of summer. 
The greater the relative density of the vapour with which 
the air is charged, the less is the degree of cold required to 
produce this appearance ; and the particular degree of tem- 
perature at which it appears at any time is called the deW" 
point. When the air is highly charged with moisture, the 
dew'point is therefore said to be lotD^ but when it contains 
much less vapour than its temperature would enable it to pre- 
serve in the vaporous state, the dew-point is said to be high. 
In warm and damp weather, we see dew running down the 
walls of buildings, and obscuring the window-panes and look- 
ing-glasses. 

657. The atmosphere being transparent, opposes very little 
resistance to the radiation of caloric towards the open ex- 
panse of space -J and the heat accumulated from the sun dur- 
ing the day, darts off with great facility, and with very little 
effect upon the air, during bright, clear nights, while the air 
itself, — a very bad conductor — parts with its caloric with 
much more difficulty. Consequently, those bodies which 
radiate heat most readily, become coldest during such nights ; 
and nearly all bodies become colder than the air above them. 
But this air, when calm, is usually charged with its full 
amount of vapour during the day : and hence, when lying 
in contact with bodies cooled by radiation after sundown, 
it condenses, and deposites or precipitates a portion, in the 
form of water or dew, upon their surfaces. Green grass, 
flowers, and leaves, radiate much more readily than gravel 
or earth ; and hence, the dew-drop on the rose, and the wet 
feet and bad colds of those "who love the moon." Wind 
promotes evaporation (649), and equalizes the temperature 
of the air near the earth, by mixing it with that which lies 
farther from the colder surfaces. Thus it diminishes the 
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qtmntity or prevents the formation of dew. Clouds, dso, 

being opaque, arrest and throw back the radiating heat of the 
earth <Juring the night ; hence, on cloudy nights, dew is 
seldom seen. 

658. Formation of Clmids. — However dry ^he air may 
be, it always contains considerable moistui^ near the surface 
of the earth. For this reason, if an upward current of 
seemingly dry air be formed by any cause^ the air becoming 
expanded and chilled hy rising, must at last reach a point at 
which a portion of its vapour will be condensed into mist, 
rain, «now, or hail, and will then descend towards the earth. 
If not previously. evaporated by the hotter and drier air be- 
low, it will reach the earth, and appear around us in one or 
other of those forms ; but if the heat and dryness of the 
lower air be. great enough to cause it once more to assume 
tjie vapory forifi^ it will cease to descend, and will disap- 
p^r at a certain height, forming what we call a' cloud. 

659. The temperature of the air at the height at which 
this upward current begins to deposite moisture is the same as 
that at which dew begins to seHle on the outside of a pitcher 
containing ice, when exposed to the same current, even at 
the surface of the earth : that is ; at the dew-point. Now, 
the rate at which air becomes cooler by expansion • and the 
rate at which it expands in rising being both capable of cal- 
culation, we have only to obtain the height of the dew-point 
at any time, and we can then determine at what height a 
cloud must begin to appear in the heated air which rises 
from the earth during t{ie day, in consequence of the sim's 
heat, in the manner described under the head of winds. 
That the ordinary day-clouds of summer, the bases of which all 
rest at the same height, and also our common thunder-storms, 
are really occasioned by partial upward currents, is beauti- 
fully proved by the motions of kites flying at a great eleva- 
tion, when such clouds pass over them. These are usually 
lifted up suddenly, to a considerable distance-j and when, in 
experiments upon atmospheric electricity, a series of kites 
are attached to the same string, the uppermost is frequently 
whirled into an appcoaching cloud, before its successors are 
at all affected by the upward movement except by the jerk- 
ins: of the cord. 

6t)0. When an upward current of this kind rises far above 
the height where clouds begin to form in it, condensation of 
vapour continues, and the cloud is piled up, mass above mass, 
until, perhaps, it may enter the region of perpetual frost, 
when it will pass from the form of rain into tiiat of snow 
25 
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^«jr, at thesaraelemperalure. In cerlaiii calculations founded 
on the height of the barometer, allowancea are made for the 
effect of moisture in varying the weight of air. For these 
and many other reasons, it is of great importance Ihat we 
should be able lo ascertain the amount of vapour present in 
the air at any time. By ascertaining the dew-point, and re- 
ferring to a table of the elastic force of watery vapour cal- 
culated for every degree of temperature, we can arrive at 
this krwwledge by calculation ; but it is more convenient to 
employ instruments capable of indicating every change in 
the relative moisture of the air, lyithout resorting to the 
trouhlesome process of determining the dew-point by experi- 
ment. Such instruments are called hygrometers, and they 
have been variously constructed. Anything that expands 
■when exposed to moisture, and contracts on drying, may he 
made to act as a hy^omcier or instrument for measuring at- 
mospheric moisture, by being connected with machinery 
capable of measuring its changes of bulk. All animal and 
vegetable fibres undergo such alterations; and the human hair 
has been generally selected as practically the most conve- 
nient. The hygrometer of M. De Saussure, which has been 
the favourite instrument in Europe, consists of a hair, robbed 
of its oil by being boiled in water containing nearly a hun- | 
dredth part of its weight of Glauber salts, and secured to a' 
fixed point at one extremity, while the other extremity is 
wound around a small metallic cylinder revolving upon a 
pivot at one end, and passing at the other through a circular 
plate, lilfe the face of a watch. This extremity of the cy- 
linder carries ah index or hand, traversing around a circular 
scale of equal parts engrai'ed near the circumference of the 
indeK-plate. To keep the hair at all times properly stretched, 
a little weight of about three grains is suspended to a deli- 
cate silk fibre, encircling the cylinder in a direction opposite 
to that of the hair. The zero of the scale, or the point of 
greatest dryness, is found by marking the position of the 
index when the instrument is enclosed under a receiver 
made hot and dry, and placed on a hot plate of metal covered 
with potash, lime, or soda, which have very great power in 
absorbing moisture from the air: and the point of greatest 
dampness ia obtained by placing the instrument under a re- 
ceiver thoroughly wet within : the position of the index being 
carefully marked at each experiment. The interval between 
these points is divided into 100 equal parts or degrees, and 
the elongation of the hair by dampness or its shortening by 
dryness compels the index to measure onttvc stsie \S\ft * ' " 
bygrometric condilion of the air. 



CHAPTER VII. 

ACOUSTICS, OR THE SCIENCE OF SOUSD. 

GG5. If a ])article of gunpowder be exploded in the 
atinosphero, much of the material of which it is com- 
posed is suddenly expanded into the gaseous or aerial con- 
dition, and a forcible impulse is communicated to the lir 
around the newly-created gases. But momentum cannot be 1 
instantly communicated to the whole body of the surrouDii- 
ing atmos[)here ; and hence the nearest particles become 
comprossi'd on all sides between the gases and the more re- 
mote air, which resists the expansion by its inertia. Thus, a 
condensed sphere of air is formed at some Tittle distance from 
the point of explosion. Now, this compressed air being 
elastic, and not bein^ fully balanced by the atmospheric pres- 
sure around and withm it, instantly endeavours to expand again: 
and, while one portion of it springs back towards the centre, 
another portion is urged outwards towards the circumference 
of a larger sphere. Each of these portions becomes a cause 
of a new condensation ; for the compressed air acts in a manner 
analogous to an explosive force, and gives rise to a new conh 
pression, both in the inward and outward direction. Thus 
the particles of air originally compressed by the powder are 
thrown into a state of vibration bearing some resemblance 
to that of the columns of water which constitute a wave in 
a liquid. It is evident also that the original impjilse is con- 
tinually propagated in all directions, from particle to parti- 
cle, as it is propagated, in waves, from column to column; 
and hence the invisible figure of each condensed sphere ad- 
vances continually through space,, like the figure of a wave on 
the surface of a liquid, while the matter of each sphere merely 
vibrates backwards and forwards, without any permanent pro- 
gression. Impulses of this kind are communicated from particle 
to particle, through the air, in a manner precisely similar to that 
in which impinging force is transmitted from ball to ball, in 
the experiments on elasticity performed with series of ivory 
spheres (303); and the rapidity of their progress will be pro- 
lx)rtional to the elasticity of the media in which they occur. 
666. As there is absolute motion in the matter composing 
each pulse produced by the sudden agitation of air, the mov- 
mg particles must produce all the effects of impinging bodies, 
^hen the pressure of the pulse reaches any obstacle ; and as 
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the laws governing the impact of bodies have been explained 
io the first part of this work, you will have little difficulty 
in tracing (heir application to most of the phenomena oC 
aeouitics, or the science lehich treats of the nature of sound, 
Ki 667, Of Ike Ear. — The ear is an apparatus delicatelV^ 
coiutructed to receive Ihe imp-essioos of the pulses produce*^ 
^i fay' ^Hations of the air. An exquisitely sensitive nerv^' 
m called the auditory nerve, is expauded over Ihe surface of «* 
^ driicate membranous sac filled with a thin liquid, and ei>^ 
^ closed in a curiously complicated system of cavities within' 
Ihe most solid portion of one of the principal bones of the" 
head. A large Canal of gristle or cartilage, situated beneath 
the skin or integumente, leads from the externa! ear down 
to this portion of bone enclosing the auditory nerve, and 
two small orifices through the boae allow the sac containing 
the nerve to come almoEl in contact with the hning of this 
canal; so that, at those points, thin membranes only Inter- 
vene between the external air and the fluid surrounding the 
nerve. Somewhat within the middle of its course, the ci 
tilagiuous passage of the ear is divided into two apart-mei 
by a thin membranous partition, called the drum of the eaif/ 
which may be seen in many persona when we look, with 
strong light, into Ihe cavity of the external ear, which con- 
stitutes the door or porch of the outer apartment. The 
inner apartment also communicates with the external air, by 
ineaas of a long membranous tube opening into the throat. 
Stretching from the centre of the drum to one of the little 
orifices in the bone enclosing the nerve, we find an exceed- 
ingly delicate arrangement of four minute twnes, constituting 
a series of levers, provided with tittle muscles, by which the 
drum can be tightened or relaxed to a certain extent. Now, 
when air is thrown into sudden vibration, of the character 
described in paragraph 665, each vibration or ■pvJsr, as it is 
termed in acoustics, puts the drum of the ear into correspond-- 
ing motion ; and this motion being communicated from ODe^f 
small bone to another, along the system of levers, at lailM 
causes pressure upon the fluid in the sac containing the audi-'i 
tory nerve, and awakens the sensation of hearing, of which 
that nerve is the pecidJar instrument. 

668. We have chosen for our elementary example of a 
sonorous pulse, the effect of a sudden explosion in the air; 
bat as this effect is entirely produced by elasticity, it is ob- 
TiDiu that it must occur in all bodies that possess Ibis pro- 
rrty; and you have been told that no body is entirely 
Tfsted of iti A sonorous pulse must theTefo«w,tm'*i\iie^ 
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ever any mechanical cause suddenly condenses the pRitkki 
on which it acts. Place your oar cJose to one end of t ^ 
of dry wood, however long, and lot a companion tap sliglitlj 
with'a pt'bble at tlie other : — you will then hear the blo« 
through thi" wood, even when the distance is ta) grettto 
allow you to hear it through the air. When an ladiaa ii 
upon the watch for an enemy , he frequently lays hit ear to 
the ground, and hears an approaching footstep through the 
earth loni; before it becomes audible to a person standing 
erect. If you strike two pebbles together when bathiugi 
keeping your head beneath the surface for the moment, yn 
hear the sound with painful distinctness ,: and if the blow be 
jxiwerful and the pebbles large, the efiect may be very dan- 
geriius to the organ of hearing. Thunder or a heavy canDOHr 
ade sometimes causi's the death of fish by the violence of the 
sonorous pulses communicated to the water. 

(»t)9. As the particles in every puls^ strike objects ford- 
lily whi.*n the vibration roaches them, sonorous pulses them- 
Ki-Ives [jecome the mechanical cause of analogous pulses io 
otlur bodit's ujx)n which they impinge : hence, thunder or a 
caniKiiiadf produce sound under water : the gnawing of a worm 
in the interior of a dry, solid plank, is heard at a considera- 
ble distance in the air, and a loud clap with the hands will 
make the glasses on the sideboard ring. But, it appears diffi- 
cult for those pulses to pass from one medium to another, 
jMirticularly in an oblique direction. If a bell be rung under 
water, it is heard distinctly, though feebly, by an ear placed 
directly ovor it,- and the sound becomes rapidly more faint as 
the ear is removed from this position in any direction, until 
in a short time it is not heard at all. This is consistent with 
the laws that j^overu the resolution of forces: for the effect 
of the inertia of thf air, in opposing the vibration of a pai^ 
tide in an oblique direction, is much more powerful than 
when it vibrates perpendicularly to the surface of contact. 

670. To prove experimentally what has been already shown 
from reasoning, that sound is really produced by the vibra- 
tions of the particles of elastic matter, let a bell be kept 
ringing under the receiver of an air-pump, while the pump 
is in action. It will bo found that the sound, heard loudly 
through the glass at first, becomes gradually iainter as the 
exhaustion proceeds. If this could be rendered complete, 
and if the bell had no connexion with the pqmp, it would not 
be heard at all ; because there would be no matter left within 
the nxcMver to convey an audible impulse by its vibration. 
Through the thin air uix)n the tops of lofty mountains, the 
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loodest humaa voicq soundfl feebly, the discbarge of a rifle is 
scarcely heard at a short distance, and even thunder speaks 
in a tone less dignified than that with which it awes the val- 
ley and the plain. ' 

671. The ear is not necessary to the perception of sound, 
in all animals. Multitudes of beings exist without a trace 
of an ear or even an auditory nerve, yet display a sensi- 
bility to the motions produced by sound, in the most remark- 
able manner. The sea-anemone or animal-flower, ^for in- 
stance, contracts its beautiful arms and resembles a mere mass 
of animated leather, the instant that a footstep approaches 
the rock on which it is fixed. So, persons both deaf and 
blind distinguish the individuals of their family by the pecu- 
liar vibrations of the floor as they enter a room. 

672. Like gravity, and all other. physical effects emanating 
and diffusing themselves from a centre, the energy of the 
pulses of sound necessarily becomes diminished in proportion 
to the- square of the distance from its origin. 

673. Reflection of Sound, — When the particles set in mo- 
tion by a pulse of'^sound^ impinge upon any obstacle, they 
not only awaken vibrations in that body, but fly back them- 
selves, by virtue of their own elasticity, and in doing so, 
they react upon the air toward the side from which they 
originally came, in the same manner as the particles origi- 
nally- set in motion by the cause of the sound. Pulses, there- 
fore, like waves and billiard-balls, rebound from opposing 
surfaces, making the angle of reflection always equal to the 
angle of incidence. If, then, a person call out in a loud 
voice, where hills, forests, or other obstacles obstruct the 
pulses of sound, they will be reflected in such a manner as 
to give the sound a totally different direction, producing 
what is termed an echo. 

674. If the pulses fall perpendicularly upon the opposing 
surfaces, this echo will return to the ear of the speaker, as 
if he were mocked by some invisible spirit of the air. If 
two rocks, placed at a considerable distance from each other, 
present parallel surfaces, the sound of a pistol discharged 
between them will be tossed repeatedly from one side to the 
other, producing a fresh impression on the ear at every re- 
bound until it dies away in consequence of the gradual 
weakening of the pulse by diffusion, the imperfection of 
elasticity, and other retarding causes. Such an echo is often 
heard in large rectangular halls, producing a musical note 
after every word spoken in the room, and confusing the voice 
of a speaker. -If the hall be filled with people, and orna- 
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mented with furniture and drap^y this difficulty nffrfy 
occurs ; for the multitude of pulses reflected from so maiiy 
surfaces interfere with and destroy one another, so as to ren- 
der more distinct the primary pulses occasioned by the voice. 
Two pulses of sound meeting each other may increase each 
other's effect, or destroy each other, producing silence af 
two waves sometimes produce smoothness (583). The inn 
pression of sound upon the ear is not lost in a moment, but 
continues for about the thirtieth part of a second of time. If 
a stick with fire at one extremity be slowly whirled in the 
hand, the eye follows the light, and perceives only the little 
coal that produces it ; but, if the motion be more rapid, ve 
see an entire luminous circle ; because the impression made 
oh the eye at the commencement of the motion h not loot 
until renewed by the return of the coal to the same position. 
So, when repeated pulses of sound reach the ear in slow 
succession, a series of distinct impressions are made upon the 
organs, which the mind can perceive and count ; but when 
pidses follow each other more .rapidly, the mind at last be- 
comes incapable oi dividing them, and a continuous sound is 
heard. If, in the latter case, the pulses follow each other 
in regular time, a musical note is produced ; biit if they be 
irregular, the sound is merely a noise ; as when a carjt is 
rattling over a stony street. The harshest simple sounds, 
such as the scratch of a pin on the teeth of a comb, become 
perfectly musical when produced in very rapid succession. 

675. In small rectangular rooms, the first echo of a speak- 
er's voice -returns upon the ear sp quickly as not to be distin- 
guished from the primary sound ; and thus the voice is actu- 
ally increased in power without being materially confused. 
In such apartments, drapery and other inelastic surfaces 
diminish the power of the voice. 

676. When a pulse of 
sound impinges obliquely 
upon a surface, it glances 
off in such a manner that 
the echo cannot return to 
the place where the sound 
originated, but will be 
heard in another direction 
determined by the angle 
of incidence. Let A, Fig. 
214, represent the posi- Pif.ai4. 

tion of a sportsman, B and D those of two buildings in the 
distance^ and C and £ those of two observers. If a gun b« 
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discharged by thd sportsman, the direct sound will reach C 
in the direction AC ; but, presently after, he will hear another 
discharge in the direction B C, which is the echo from B. 
On the contrary, E will be scarcely if at all able to hear the 
direct report 3 because he is placed behind the building B;but 
he will receive news of the discharge in the direction D E, 
in the form of an echo froni D. As these reflections Hiay 
take place from a' great multitude of obstacles at very differ- 
ent distances, and may be repeated many times by those 
placed parallel to each other, you will understand the long 
rolling echo of a single musket discharged in an irregular 
mountain pass or an extensive cave, as also the reverberation 
of thunder,— a sound produced by a flash of lightning often 
stretching for miles in length, and reaching the ear succes- 
sively from different distances, along the zig-zag course of 
the flash, each portion being reflected from cloud to cloud, 
and from these to the earth and back again. 

677. Convex surfaces necessarily scatter an echo in all 
directions : because they reflect the sound always outwardly 
from the direct route of'^the primary pulse: regular concave 
surfaces, on the contrary, often concentrate sound ; because 
they always reflect it towards some point within the sweep 
of the curve, if completed. Let A and B, Fig. 215, be two 





Fig. 215. 

opposite spherical reflectors. It is a property of such re- 
flecting surfaces, that if elastic bodies impinge upon them in 
parallel directions, as represented by the dotted lines of the 
figure, they will all be reflected very nearly to a fixed point, 
or focvsy which is found half way between the surface of the 
reflector and the centre of the curvature j as at C and D in 
the figure. If a person standing at C were to speak, the 
pulses of the voice falling upon A, would be reflected to B 
in the direction marked by the parallel lines in the figure, 
and would be again reflected, and, as it were, condensed 
from B to the focus D, where the echo would be as distinct as 
the original voice to an immediate bystander at C, or even 
more so, while throughout the intermediate space the voice 
might be too feeble to be heard at all. Such surfaces frequently 
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prtrni'iit liieniB»'lvvi' iii tii* wali^ of iiig-iii^ onmnieni*»cjiinii 
buiidl^;I^ ■ ami u convf^rsatioi.- ha> &eei. ii'Ml. p*^ sud ikol 
li«»!wt'«*ii !W(i iHTwjns Hi opjxjsii* i)ox*»5 o: c tncair* . JE naa 
iuauuiulf H' al. nu*. In- p»l^it*^ tiieme*.»ives. I r 

(^7^. TiP'K* remark.^ v. iL expiaiz: tii» naiurt tf vhi^iBSS I 
i;ali*Ti»*b. h'MiH- oi vhicr. wen r(irni»?rn constTun*'L id* 
])iir)i(jt»* uf iM'truyiiiiT u- tyninnicaj ruierfc tiit coiir.»aire wii* 
iii'iij." I)! tti'ii Ku:i|''cu aiic niativ art siili tc- itf iounc£ 
pu:ni'. •'diliL-'.'' ••nTi«'i. without any suci: desiirr.. A cySu- 
drua: ajrartii^'ii: ih l viiisperiiig* ffaHerv . and tbf ^act 
irlam.*'.'- aruuiid ii ix« such a maimer tha: l "whJKpfr p^- 
ijuuiic'd ii'-ar iii»- wali is distinciJv hvarc by all joioDi 
KUiiKiinc iH-iir i: in oiii^r }»artt of tht- roon*. thnurt: iaauciiJi 
I'.* »i!ri» i>. 

r'll-'. J II larjj' c-vliiidricnl apartmenu cpTerec i-t doiw. 
1h« •tlif-Hh an- p }»^at'd in tht- most fiiiifrular niamifT. em is 
a i'Jii'^ tiiij»- t'j-:''tii'.T. of It'll commiiifrled wiih TifWRHaa 
ir« ijiTai«d by lii'- vii»ratiaiis produced by the pubts 12 ib: 
\^aJi^ th«*riih* ]v«'k. F-wtiiinj: and fadinE: avar all crcBif Ij. d^ 
t.ijii\* run\z llj»' IrdJbhvst iioisf into iDusical tcait^ Ftv 
h'iuii«> can cxo-'-d in wild grrandeur the itjusjc prodijcedifl 
tfn- I'A'iu&d of lh<.' capitol at Wafihinglon, by tbr praiiiSL'f 
th»; \ari«- on th«' sumrriii of the dome, or the CTt-akixiE: of the 
hifiL/'-fc of till' rnariv trn.en doors bv "which it is ealfred. 
IJi'ard during th«' intervals of the session of Cohttpss, it 
bi'i'nis to a jxx'lical fancy like the \i-ailiiig of spirits cosr 
d«*nin«'d for th^-ir unfaithfulness to their country in that great 
ttii-aln' of [rdjiy strife. 

(iSO. If a p''rson were placed in the centre of a hollow 
bj>lnrt', liitj voicH would return upon him in full force from 
I vi-ry jwrt of th*? surface ; and, were the sphere provided i^ith 
un orifiiri', tin* »;unds from within would be heard "without, 
uin^uhirly in(xJifi<*d by the size of the cavity. Any change 
in tin^ jwsition of th(i speaker or the form of the cavity 
woul<i produce new modifications. The flattering slave of a 
tyrant of old constructed, to gratify his appetite for cruelty, 
ii liuJlow brazen bull, in which to con£ne his victims. The 
invi'iitor a«si*rt<*d that when a victim enclosed in this ma- 
chine wiiti Kh)wly roasted by heating the statue, the bull 
vvciuM roar ; and when, with some semblance of rude justice, 
ln' WHS hiniscll submitted to this fiery ordeal, as the first test 
i»f lii« Ihfory, he secured the triumph of his philosophical 
l»rimijib-M Uy thi* HJicrifice of his life. 

<»SI. Siiund may be confined in tubes, and conveyed by 
•tieni to u gifut distance with little loss of force, because the 
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vibrationa of the particles, instead of being propagated in all 
directions from a centre, are then compelled to take a simply 
longitudinal course, which may be either direct or winding. 
Tuben of metal for this purpose are now carried through the 
walls of I9any of our great hotels, from each floor or gallery 
to the general bar or (^ce, in order to facilitate the convey- 
ance' of orders and messages. 

682. By means of a txibe passing from the mouth of a 
statue^ through the wall and beneath the floor, to another 
apartment, the image ma^ be made apparently to utter 
words ; and, as it is not difficult so to construct an apartment 
that the sound of words spoken in a particular place therein 
shall be reflected into smother room, either through a con- 
cealed tube or a hole in the partition, a mysterious conversar 
tion might be held with such a figure. In this manner, 
no doubt, many of the superstitions of the Egyptians and the 
early Greeks were imposed upon the people of an ignorant 
age, by their philosophical priesthood. Some pretended 
tricks of jugglery ^and ventriloquy in modern times are pro- 
bably produced in a similar manner. A mischievous boy, at 
the top of a kitchen chimney, may easily alarm a supersti- 
tious cook by uttering, com plaints on behalf of a lobster just 
thrown alive into the boiling kettle below; for, a half-smo- 
thered voice in that situation will appear to issue from the 
fire-place, and the word's may readily direct the attention 
of the hearer to the kettle alone — terror being not very nice 
in its discrimination. 

683. Conical tubes, like -the speaking-trumpet, allow the 
pulses of sound to expand a little, but give a direction to the 
impulse or vibration produced by the voice, more concen- 
trated and powerful in the outward than in the lateral direc- 
tion; as waves rolling through the interval between two 
piers, expand themselves but slowly and feebly in the circu- 
lar direction. The successive pulses of the voice driven 
through the speaking-trumpet are continually reflected on- 
ward in an oblique direction, as the vibrating particles im- 
pinge upon the sides of the tube, giving much greater force 
to the sound in the direction of the cone, than if these 
pulses were free to propagate themselves on every side, as in 
the case of an explosion. 

C84-. The common ear-trumpet for the deaf acts like a 
speaking-trumpet reversed. It concentrates all the sound 
received at its mouth, by continually reflecting the pulses 
inw&rd towards the narrower part of iVie \.\Aift, va\i«t^ ^«^ 
become proportionsMy more intense. 
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685. Of Musical Tone. — The theory of acoustics has been 
more completely developed in consequence of the fondn^ 
of mankind for music, than from any other cause ; and, for- 
tanately, the study of musical ione^ enables us to arrive it 
just conclusions as to the nature and relations of sound more 
readily than by any other process. ^ 

686. As sound is produced by a pulse occasioned by a 
force or shock producing compression in the particles of any 
substance lying next the point where the force is applied, 
which condensation spreads or advances like a wave, ufttil it 
reaches and affects the ear, — and, as continued sound de- 
pends upon a succession of pulses of this kind, following 
each other too quickly to be separated by the ear,— -^o, simple 
musical tone depends upon the production of a regvlar sue- 
cession of such -pulses striking the ear at equal intervals of 
time. To produce this regular succession of pulses, it is 
necessary that we should contrive to strike the air or other 
medium in which sound is to be produced, by means of some 
force that may be repeated at regular and short intervals. 
This may be effected in many ways, most of them dependent 
upon the production of jibration in elastic bodies. On such 
vibrations depend the tones of the human voice and all mu- 
sical instruments ; but their nature is most easily explained 
by examining the laws which govern the motions of elastic 
strings, of even weight and thickness, when stretched strongly 
between fixed points, and left at liberty to vibrate after being 
drawn for a moment from the straight position. 

687. When a string attached to a fixed hook or button at 
one extremity is passed over a pulley or narrow strip of wood 
or metal called a bridge, placed at some distance from the 
first attachment, we may stretch it by means of any required 
weight, which will then be the measure of its tension. The 
distance between the fixed attachment and the bridge or 
pulley is considered as the length of the string, in our rea- 
sonings upon the subject. 

688. Now, if a string, thus stretched, be drawn to one 
side and then left free, the stretching force and its own elas^ 
ticity will cause it to return to its original position with con- 
siderable velocity; and its acquired momentum will then 
carry it to nearly the same distance in the opposite direction. 
Thus it will continue to vibrate like a pendulum, until 
brought to rest by the resistance of the atmosphere. It is 
not very difficult to prove mathematically that the time occu- 
pied in one double vibration of such a string is equal to the 
length of the string measured in inches multiplied by the 
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square root of the fraction whose numerator is twice the 
weight of one inch of the stringy and its denominator the 
vstight which is equal to the force of tension mvltiplied by 
the number of inches through which a body falls by gravity 
in the first second of time ; which, at the surface of the 
earth, is 193. Mathematical formulae are inadmissible in 
this work ; and as it would require too much space to ex- 
plain the subject in ordinary language, you must take the 
fact on trust at present, observing two consequences that fol- 
low from it : 1. The time of the vibration of any given 
string is an invariable quantity : and hence, as in the pendu- 
lum, the vibrations willbe performed in equal times, whether 
their extent be great or little — -whether the string be gently 
or forcibly struck: and, 2. When we know the weight, 
length, and tension of any string, we can readily calculate 
how many double vibrations it will perform in a second of 
time. This numbi?r may be found for any string by dividing 
the square root of 193 times the weight which equals the 
force of tension, by the length multiplied by twice the weight 
of an inch of string. 

689. When ar string vibrates less than 8 times per second, 
it produces no sound audible to man. Until the number in- 
creases beyond 16 per second, the vibrations continue visi- 
ble to the eye, in strings of considerable length, and each" 
vibration produces a pulse recognised by most ears as a suc- 
cession of the same sounds repeated ; but when the vibrations 
are increased to 32 or more per second, tlv^ separate pulses 
are no longer distinguishable, and a clear musical note is 
heard. 

690. When the pulses arising from vibrations follow each 
other slowly, the tone or pitch of the note is said to be Icnr, 
grane, or bans ; but when the succession is more rapid, the 
pitch of the note becomes higher^ sharper, or more acute. 
Tone or pitch, therefore, depei|ds upon the number of vi- 
brations or of the pulses produced in a given time ; and in 
comparing the succession of pulses produced by the vibra- 
tions of different bodies, the second of time is usually taken 
as the standard. 

691. If a number of strings, each of uniform weight 
throughout, be subjected to the same tension, their vibrations 
will vary inversely as their length; i. e, if such a string 32 
inches long vibrates 32 times in a second, a similar string of 
half the length will have 64 vibrations, and one 4 inches in 
length will vibrate 256 times per second. 

692. When strings have the same length and tension, their 

£lf5 
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number of vibrations varies inversely as the square roots of 
the weights of an inch of string. Thus; such a string) 
having four times the weight per inch of anather, will vi- 
brate just twice as fast, - 

693. The length and tension remaining the same, if the 
strings be all of equal specific gravity, the vibrations will 
vary inversely as their diameters. Therefore, such a string, 
if half as thick as another, will vibrate twice as fast. 

694*. When strings have the same length and the same 
weight per inch, their vibrations vary directly as the square 
root of their tension : Thiis, if one such string be extendi 
by a weight of 4 pounds, and another by a force of 16 
pounds, the latter will vibrate twice as fast as the former. 

69^5. If, in comparing the vibrations of different strings, 
you know the rate of any one of them, that of any other 
may be calculated by the rule of simple proportion very 
easily ; for the number of vibrations varies as the square root 
of the weight which equals the force of tension, divided by 
the product of the length multiplied by the weight of an 
inch of string. 

696, The Octave — Musical Range. -r-TYi^ human ear is 
-most pleasantly impressed by pulses of sound that reach it at 

regular intervals. Even when the pulses ocpur at considera- 
ble intervals, as when several smiths are striking an anvil 
repeatedly with their hammers, regularity in the strokes de- 
stroys much of the harshness of the sound. It is this regu- 
larity that gives their chief charms to poetic measure and 
oratorical rhythm. If a single string be kept in vibration 
when stretched across two bridges, one of which is made to 
slide regularly towards the other, the fundamental tone or 
note of the full string will be found to rise regularl}' higher 
in pitch until the bridge reaches the middle of the string; 
when, the vibrations being exactly doubled in frequency, a 
note will be produced, so cojnpletely agreeing in its proper- 
ties and effects with the fundamental note, that it is considert^ 
as the same note repeated. It is called the odnvr. If the 
bridge be carried forward until the string is reduced to one- 
fourth its length, the number of vibrations will be again 
doubled, and the note produced will therefore be a second 
octave^ &c. All the range of musical sounds audible to the 
ear of man may be divided into intervals of musical pitch 
called octaves ; and it is found that the entire range is in- 
cluded in about ten octaves. 

697. Concrete and Discrete Sounds — Speech y Song^ and 
Reeitative, — In the last experiment^ the. sound rises from 



MUSICAL^ NOTES. 



303 



one octave Iq another^ without any bceak or interval of 
pitch. Such a sounid is called concrete ; and is rarely plea- 
sant in music except as an occasional ornament, though in 
the human voice it produces all that variety of cadence 
which is so essential to expression and effect in speaking. It 
is heard, in fact, in the pronunciation of every syllable in 
speech, though usually limited to intervals of pitch, exceed- 
ingly short of that of the octave. In song and recitative, it 
is necessary to repress these sliding sounds, dwelling upon 
the concluding soimd in the former style of music, and upon 
the initial or commencing sound in the latter style. 

698. Musical Notes, — ^The organs of human speech and 
hearing are so organized that they utter and receive most 
readily sounds of different gravity or acuteness that follow 
each other at certain proportional intervals of pitch in pre- 
ference to . others ; and even the mind is more pleasurably 
affected by such successions : hence, in all countries, the in- 
terval of the octave has been broken into smaller intervals, 
by certain points in the scale of pitch, called notesy not all 
of which are equal in extent. Notes are usually designated, 
with us, by letters ; though not unfrequently, for convenience 
in teaching vocal music, certain syllables are substituted for 
them. Both modes are employed in the following table. 
These notes are called discrete sounds, because they are de- 
tached in pitch, and do no not slide into each other. There 
are seven such resting-places or steps in every interval of an 
octave : — ^Their names, their indicatory letters, the length of 
string necessary to produce each note,— "-that of the whqle 
string producing the fundamental note being taken- as 1, — 
and the relative number of vibrations for each note, also 
compared i^^th unity, are displayed in the following table. 



1 


Num. 


Chaneter. 


Length of string; 


No. ofTibnttioiM. 


Fundamentalor 
Key Note. 


UtorDo. 


c 


1 


L 


Second . . 


Re 


D 


8-9 1 9-8 


ihird . . . 


Mi 


E 


4.5 1 5-4 


Fourth . . Fa 


F 


L 3-4 


i 3-4 


'ilth ... Sol 


G 


2-3 


3-2 


^ixrh . . . 


La 


A 


3-5 1 5-3 ! 


Seventh . , 


Si 


B 


8-15 - 


15-8 


Octave, or Kev 
Note repeated. 


Ut or Do 


C 


1-2 


2-1 



This order of notes and intervals being repeated in every 
octave, it is customary to say that there are but seven notes 
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in niu!ac, although the range of aodible pitch eitfoditoll 1 jgn^i 
octa« •-•«, of which mywe linele muocal iDfltruineiiti efltav I gggc3 
MX, and th^ human voice froizi one to three.— thift (^ At 1 ktx 
f'-inal*- If-'mz ^vnerally an octave higher than tlMl rf it 1 ^ 
rial-. Th'.- uj'p-T and lower octaves are not heari by* 1 ^ 
]»- r«ir.». • v-n among those who havt^ a keen appreciilHi^ I * 
;:.ii-ii- ThrjUkihoiit the iv«t of the scale. Dr. WooUaioftte I ^ 
>h-'-A:i that A«jiiie of the larger animala hear and esgc^ DOtai I ^ 
ali'^^'-th'-r to(i low for human ear» : \h'faile others, of dimuAnt I , 
^:/.••, dr>- alFvcttd I>y vibrations too rapid to awaken the tfici' I i 
x'l'tn of man. 

lil'I*. Musical I'nisim — Concord and Diftord^^Y^ 
t\i<i "T inuV'' sounds are heard at the same time, the eftd 
Mill If iiior*.' agreeable according to the frequency vit^ 
which liir.' vi'irations correspond so as to produce their id- 
pn-s^'i'>n at tht* same moment. The greatest reg:ularity of 
this kind is product'd when any fundamental note iskeaidii 
thi' Miiif tinit^ with one or more of its octaves: for, in tlui 
c.\>»', th*T»' is an o^cact correspondence in the pulses at eTeiy 
puNutioii of the funtlaniental note. Xest to vibraticHU pio- 
diK'inj: tht' same note in the scale, — as \i'hen twostringsof 
thf siine weight, length, and tension are vibrating together, 
in which case their sounds are said to be in i//ifdioR,---4lNR 
ill which any note is heard in combination with its ocUve, 
apfH-ar most harmonious. Notes producing such agreementi 
art' called cnncardsj while those of which the pulses rarely 
or ni.*v«'r coincide are peculiarly disagreeable when heard in 
ronnrf, and are calU-d discards. 

700. Musical Chord. — By examining the column in, the 
last tal>lo, which represents the relative number of vibration* 
pnxUicing each note, you will perceive a great difference 
in thf number of coincidences in a given time between the 
pulses of the fundamental note and the several remaining 
not(»s of the octave : thus: in the Jffih^ or G, which pulsates 
thriM? times for every two pulsations of the fundamental note, 
tht-re will he harmony at every alternate beat of the latter. 
This, Iht'n'fore, is the most perfect concord possible, except 
that of the octaves. If you examine the third, or £, in the 
sjimt' manner, you will find that it pulsates five times while 
till* fundamental note judsates four times; therefore, at every 
fourth pulsation, the sound of the notes of C, £, and G, and 
Iho (M'tjive, will coincide if heard together; while the fun- 
•liiiiii'nljil note, in the meantime, will have concurred four 
liiiH'N wiih tin* octave, and twice with the fifth. Any such 
««»iiihinutioii of concordant notes is called a chordy and that 
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just given is the most simple and natural of all chords. The 
second and seventh noties are peculiarly discordant j because 
the coincidence of the pulses occurs only once for eight 
pulses of C and nine of D ; while C must pulsate eight times 
and B fifteen times, in order to produce a coincidence. 

701. Tou will observe that these notes are not positive, 
but merely relative points in the scale of concrete sounds ; 
for we may take a string of aiiy length, and consequently of 
any tone, for our fundamental note, and by placing it side by 
side with other strings of the relative lengths represented in 
the fourth column of the table, and of the same tension and 
weight per inch, we should produce notes in the order re» 
quired~for musi^ed performance. 

702. Gamvt^ Diatonic^ and Chromatic Scales. — ^If the 
musical intervals of the written scale or gamut of discrete 
sounds, or, as it is usually termed, the diatonic scale, were 
all equal, we might begin a piece of written music upon any 
note, and by following the order of the notes by name, might 
perform it with perfect correctness. But these intervals are 
not equal ; and hence, if music set to any given fundamental, 
or, as it is termed, key-note, be played upon an instrument 
tuned to bdj other note as a fundamental or key-note, we 
cannot produce, upon this instrument, the succession of na- 
tural intervals required to please the ear, merely by playing 
from the written notes in the same manner as if the music 
were expressly adapted to the instrument. Let us explain 
this more fully. 

703. The relative whole numbers representing the number 
of vibrations corresponding to the seven notes and the octave 
composing the simple scale, are 

Do Re Mi Fa Sol La Si Do 
C DEFGABC 
24—27—30—32—36—40—45—48 
These numbers have various proportions to each other, and 
point out three classes of musical intervals in the scale : — 
Ist, from C to D, from F to G, and from A to B j between 
each of which pairs of notes the vibrations of the lower to 
the higher note are proportionally the same, namely — as 
eight to nine: — 2d, from D to £, and from G to A; be- 
tween which pairs the vibrations are respectively as 9 to 
10: — 3d, from E to F, and from B to Cj between which 
pairs the vibrations are as fifteen to sixteen. Tones of the 
first of these classes, being the longest, are called major tones, 
those of the second class minor tones, and those of the third, 
semitones. An octave is therefore composed of the foUow- 
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in^ Miccession of intervals: — Ist, a major tone; 2d, anar I ^ 
toiK". 3(1, a sf^mitone; 4th, a major tone; 5th, a minortov, I i 
<ith, a major tone; 7th, a semitone. The valuei of the lA- | ( 
ttTs ailixt'il to the discrete notes in the table are, in mAv, 
]uirfly rrlativc, and not absolute : if, then, we conuMntt 
playing a piece of music beginning upon any pitch of WBd 
whati'ViT as a fundamental note, we find that as longaitk 
intervals U'tween our difierent notes correspmid with tk 
order just described — that is, as long as the interval fron tk 
fundam(>ntal to the second is a major tone, that irom tk 
second to the third, a minor tone, d:c. — so long, and only » 
lonjr, tht> {succession of sounds will be agreeable to the w: 
and, it is found that no piece of music pioduces satiaftdioa 
to the mind unless it terminates upon the fundamental oote> 
Now, if a piece of music be written to correspond with any 
j^iven pitch of sound as a kc3'-note, the first internal aboie 
that note must be a major tone, the second a minor, and the 
third a semitone: but suppose wc attempt to play this muse 
on nn instrument attuned to a key or pitch one major looe 
liij2;her, as a fundamental or key-note ; it is then evident tW 
the first interval on the instrument, which corresponds with 
the second of the written music will be a major tone, while 
the latter will be a minor tone ; and hence, the order of notw 
on the paper and that on the instrument cannot agree. In 
order, then, to make such an instrument -accord with the 
written music, we must re-tune it, b}' varying the tension of 
thi* strinjjrs, so as to adapt them all to the natural succession 
of notes or inttTvals, in relation to the fundamental note of 
the written music ; or, we must crejate new and intermediate 
tones on the instrument, in order to give at least an approxi- 
mation to the natural order of intervals, adapted to any fun- 
damental note. For this purpose it is customary, in the 
piano, to place additional strings in the major and minor in- 
terval of the scale, reducing the whole series to a system of 
half-notes, of which each is a shiirp to the next lower, and 
a fat to the next higher note. This plan, though not posk 
tively accurate, is sufficiently near the truth to deceive the 
♦'nr, and produce beautiful music. Such an arrangement of 
half-tones is called the chromatic scale. These explanations 
will assist you in understanding works upon practical music, 
— a branch which it is not our purpose to teach in the pre- 
sent essay. 

'^04. It is this totally arbitrary assumption of any funda- 
Jn^ntal note, coupled with the absolute fixedness of the i^ree- 

"^ succession of musical intervals, lh;d cx^u^illiuies the chief 
^lexity of music j for, every key ot iwivd^creveiiXaX. niAa \<b- 
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quires Its own arrangement of fldts and sharps to secure the 
same order of intervals, which alone can render the conse- 
cutive sounds agreeable to the ear. 

705, Spontaneous Divisions of Vibrating Strings, — If a 
bow be drawn slowly and regularly over the principal string 
of a violoncello, very near the bridge, the whole length of 
the string is thrown into a general vibration ; but, at the 
same time, we often find it thrown spontaneously into a very 
different kind of vibration, which does not interfere with 
this general movement : thus, sometimes the opposite halves 
of the string will vibrate in opposite directions at the same 
time that the whole string is moving bodily from side to side. 
In this case, the half-strings beating with double frequency, 
must give rise to a note which is the octave of the funda- 
mental note, and will be heard combined with it in perfect 
concord. Between these two vibrating halves, there is a 
spot which remains at rest, relatively to this part of the mo- 
tion, though it partakes of the general swinging of the whole 
string; it is called a knot. Sometimes the string sponta- 
neously divides in this manner, into, three, four, or more por- 
tions, vibrating independently of the entire string, and sepa- 
rated by a suitable number of knots : and thus we may hear 
the fundamental note combined with the first or second 
octave, the fifth above the first octave, the third above the 
second octave, &c., commingling in beautiful concert from a 
single string, and varying with the number of knots by which 
it is divided. This combination is rendered still more rich 
by what is called the grave harmonic, — a sound often heard 
when two notes accord perfectly, formed by the impres- 
sion made, upon the ear by the coinciding pulses, and as deep 
in tone as the sound of a string vitrating once for each in-, 
terval between these coincidences : thus, if a fundamental 
note and the fifth are sounding together, — the vibrations of 
the two strings will coincide at every second pulse' of the 
former note, and this will produce upon the ear a sound like 
that of a string vibrating one-half as fast as that producing 
the fundamental note; this will be the grave harmonies 
which, in the example just given, is of course one octave 
deeper than the fundamental note. When bells are chiming, 
most of you must have been surprised to hear tones in the 
air much deeper than the ordinary sound of either of the 
bells. These are grave harmonics, and add much to the 
effect of the chime. To make this subject clear to your 
mind, you may refer to Fig. 216, where A B represents an 
exaggerated picture of a string vibrating a given note, — C, 
for iDStstace, — but spontaneously divided \i^ ^>Mtfi\.^'^^^>N& 
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r.f. iif.. 

r- i.!r- ■- arj(i \h^' iwo halves, A E, E B, vibrating indepeih 
ci-miv. H-r-f ibf \\hole string gives the ftmdaineDtal notf, 
r, and the halves each utter the octave of that note, becrae 
they vibrate twice as fa^. F G represents an exaggenled 
picture of a string spontaneously' divided by tvro knotf tt 
H and I. Here the whole string still utters the note C, tat 
the parts F H. H I. and I G, are vibrating three times h 
fast, being only onMhird as long. Now, by doubling all 
the numbers in the table on page 305, so as to adapt them 
to thp octave next above, you will find that the fiflln or G 
note of that octave has just three times as many pulses per 
s«.'Cond as the note C. The string, F G, will therefore soond 
the note C and the fifth above its octave i^ concord. 

70f). When a string is put in motion by a bow, a very 
skilful performer is able to cause secondary vibrations in It 
by dexterously and momentarily touching with his finger the 
spot where he wishes a knot to be formed ; thus dividing the 
Hiring at pleasure. In this manner, Paganihi and otbenoave 
been abl(> to play regular harmonies upon a single string. 

707. If three strings placed side by side be so tuned that 
the first strini; shall sound the fifth note below, and the third 
string the fifth note above that of the open middle string 
when touch(*d by the bow, then, spontaneous vibrations arc 
(*ni)al)le of producing with sufficient accuracy all the notes 
of nniHic, though not in the same octave ; thus showing that 
thi* divisions of tlie musical scale are founded in nature, and 
not in the mere arbitrary rules of art. 

70S. A series of sounds following the order of those which 
accord niiwi perfectly — such as the fundamental note, its oc- 
tave, the fifth and the third of the fundamental note — ^isniore 
pleasing than that which includes discordant notes, such as 
tht' Mocond and seventh. Such succession in music is called 
f/i«7i)</y, and is one of the chief beauties of simple song ; but 
the oeonsionnl and judicious introduction of a discord hei^t- 
»'nii tht» elfect, by contrast ; for invariable pleasure of any kind 
"***>n imlls u|)on the appetite. 

700. The combination of different notes heard at the same 
wm© Aud uniting in concord with each other, is called har- 
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nump;^ aad this it is which gives zest to the rich perform- 
ances in the higher walks of music, which require a culti- 
vated taste for their appreciation and deep talent for their 
arrangement. 

710. When ia number of instruments are designed to act. 
in concert, it is necessary that they should all be tuned to 
the same pitch, by selecting a suitable fundamental note upon 
some one of them, and regulating the musical intervals of 
all the others by that standard. This is often effected by the 
tuning-fork, a small instrument of steel, like a pair of sugar- 
tongs, with a handle, which, when struck upon any bard 
substance, vibrates and gives a note proportioned to its size. 
It is somewhat influenced by changes in the temperature of 
the atmosphere, which expands and contracts it like all other 
bodies, but not to an important extent. 

711. Wind'Instrvments, — In wind-instruments, the vibra- 
tion is not lateral, as in a string, but longitudinal, and deter- 
mined by the tube. It is found that whenever a rod of any 
elastic material, or a column of air enclosed in a tube, is 
thrown into the slowest possible longitudinal vibrations, the 
frequency of the pulses of sound, and, consequently, the note 
produced, varies inversely as the length of the tube or rod. 
If a rod be either fixed at both ends or free at both ends, it 
will vibrate twice as fast as when one end is fixed and the 
other free, and the same thing is true of the air in a tube. 
If we blow successively, and with the same force, into two 
tubes of the same length, one of them being closed at one 
extremity, like the barrel of a key, and the other open at 
both extremities, like a simple reed, the air in the latter will 
vibrate twice as fast and give a note an octave higher than 
that contained in the former tube. Thus ; a trumpet, to be 
in unison with a flute, would require to be about half as 
long ; because it is entirely closed by the mouth at one extre- 
mity, while the principal hole or embouchure of the flute 
causes it to act nearly as a tube open at both extremities. In 
this respect, the fife, flageolet, whistles, &c., resemble the 
flute. The reeds of the hautboy, clarionet, &c., vibrate in 
unison with the column of air within the tube, and assist in 
determining the succession of impulses by means of which 
the breath of the musician is admitted in order to produce 
the vibrations ; and it is probable that the lips of the player 
perform a similar office in the trumpet. 

712. In all wind-instruments fiurnished, like the flute and 
clarione^^ with keys and finger-holes, ^e \etwjjV\v ol ^^ \\^^ 

miwt be csdculHted to the last- hole Ihal leraai^a cXa»ft^«i^x^^ 
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the extremity of the instrument when all are closed ; for a 
lateral orifice in any part of the tube produces nearly as great 
an effect as the actual removal of the remainder of the in- 
strument. Thus, we are able on the flute, when provided 
with suitable keys, to adapt our music to almost any funda- 
mental note, by varying the length of the vibrating column 
by means of our fingers. A similar effect is produced in the 
trumpet, by the moveable pieces which are added or re- 
moved at pleasure. In the cornet^Q'-pisfon^ the length pf the 
tube is varied at pleasure, by a peculiar arrangement ma- 
naged by means of a sliding-piece. 

713. In wind-instruments, we usually possess the power 
of causing the column of vibrating air to divide itself into 
parts as the string is divided by knots (705) ; thus producing 
at will a series of three or more octaves, and sometimes other 
harmonics, — such as the twelfth^ ovffth of the next octave 
above, the seventeenth^ or third of the second octave above, 
&c. — by causing the column to vibrate in 2, 4, 6, 3, or 5 
parts respectively. This power, combined with the keys 
and finger-holes, gives to the flute, clarionet, and eveA the 
Kent-bugle, a wide range of sound, while the trumpet is re- 
stricted to comparatively few harmonic notes. 

714. All elastic substances, when vibrating, may produce 
musical notes ; and as the manner in which they are fixed or 
held, as well as their form and ^ize, must influence the man- 
ner of their vibration, it must also affect the aote produced 
by them. Though these vibratipns are usually so minute as 
to be invisible, they may be made to paint their picture, by 
their effect upon light bodies, such as particles of sand sprin- 
kled over the vibrating surface. Such 
bodies will be tossed off from those 
spaces where the vibration is strong, and 
will collect in greater amount at those 
points or lines which remain at rest, 
like the knots of the Tioloncello-strins. 
The dark lines in Fig. 217, represent the pig. 217. 
lines of rest on which sand collects when 
a square plate of glass with smooth-ground edges is firmh 
supported at its centre, by a pair of tongs or otherwise, 
and excited into vibration by drawing a fiddle-how athwart 
the middle of one edge. By varying the form of the 
plate, the manner of the support, and the place of applica- 
tion for the bow, all kinds of fantastic figures may be pro- 
duced. 

71b, When a bell is struck by a hammer on its outer edge, 
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lihe part struck is driven for the moment nearer to the eentre. 
This causes the bell to bulge out on each side, and this again 
dn^ inward towards the centre that part of the bell which 
lies opposite the place which receives the blow : thus the 
bell is changed from the circular to the elliptic form. But, 
hf its elasticity, it almost immediately returns to its original 
rorm, and, by the momentum of its particles, becomes com- 
pressed where it was previously stretched out, and extended 
where it was previously compre8sed,untii it assumes the ellip- 
tic form once more, but in a different direction ; thus it con- 
tinues vibrating in form between two ellipses having their 
long diameters at right angles to Vach other, and these vibra- 
tions give rise to the fundamental note of the bell. As this 
instrument is very variable in the shape and size of its differ- 
ent parts, many secondary vibrations complicate the principal 
motion, producing various other notes according with the 
fundamental note, and producing also grave harmonics. 

716. You may actually observe this change of form in 
large bells; and when the instrument is too small for this 
purpose, it is still easy to prove its existence in a very beau- 
tiful manner. Take a large, thin bell-^lass, with a smooth 
edge, fill it with water nearly to the top ; then, with the 
fore-finger moistened and carried with gentle pressure around 
the margin, provoke the glass to musical vibration. Instantly 
the surface of the water will be covered by minute, but visi- 
ble waves, arising generally from four moveable quadrants 
of the circumference, which follow the finger in its progress, 
and are separated by four points which remain relatively at 
rest." In addition to these principal waves produced by the 
pulse of the fundamental note, we often witness others, still 
smaller, raised by the secondary or harmonic notes. Such is 
the agitation thus produced that the spray of the conflicting 
waves sprinkles the hand of the performer, and is sometimes 
tossed into his face. The force of the vibration may be 
judged of by the fact that glasses have been frequently 
broken by it. 

717. Sympathetic Sounds. — ^The pulses of sound being 
mechanical forces capable of producing vibrations in all elas- 
tic bodies on which they impinge, th^ succession of such 
forces applied at regular intervals by a musical note must 
continually increase the vibration in bodies capable of vi- 
brating in the san>e time. Thus ; if a string sounding any 
given note be placed near a bell, a tumbler, and another 
string, all in unison with this note, these instruments will 
feebly respond to the same tone. Place a, Vv^iV ow "^•ov«\v^vi\, 
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with its top on tlie open palm, while a fine male nnger nms 
over the scale of notes with his voice, and, at certain ha^ 
monic notes, the hat will be felt to tremble. Some penom 
are even able to break panes of window-glass, or vases, by 
the vibrations communicated to them by the voice. The 
deeper notes of large organs are felt sensibly to shake the 
pews, floor, and walls of churches, and sometimes cause a 
trembling of the very earth around a building. 

718. Sympathetic vibrations thus produced add to the 
volume or force of the sound which causes them ^ and it is 
this which gives effect to sounding-boards and other appen- 
dages attached to musical instruments to increase their loud- 
ness. Thus ; a musical box which, when held in the hand, 
is scarcely heard at the distance of ten feet, sounds loudly at 
three times that distance when placed in contact with a plate 
of glass or laid upon a table. 

71 d. If a string be touched with the bow, when placed 
by the side of another string of one-half or one-third its 
length, but of the same size and tension, the reaction of the 
latter will almost instantly determine the spontaneous divi- 
sion of the former into two or three secondary parts, each in 
unison with the shorter string. 

720. These facts will sufficiently explain the nature of 
sympathetic sounds, which reach their highest perfection 
in the seolian harp— an instniment composed of several pa- 
rallel strings properly tuned upon a sounding-board or box, 
and designed to be placed in a variable current of air, such 
as the crevice of a window partly open. The air throws these 
strings into action alternately, producing as many various 
fundamental notes, and their spontaneous divisions, together 
with their reactions on each other sympathetically, give rise 
to every combination and succession of wild, ungovernable 
harmony. 

721. Transmission of Sovnd. — The musical pulses travel 
alwavs at the same rate throug-h the same medium, so Ions 
as it continues to be of the same density, whatever may be 
the pitch of the notes. Were this not the case, an air or 
piece of music would become unintelligible at some distance 
from the instrument ; for, some of the notes travelling fasti r 
than others, they would reach the ear in a different order 
from that in which they are produced, and a total overthrow 
of time, melody, and harmony would be inevitable. But 
sound moves with different velocities, in different media, or 
in different states of the same medium ; and thus the pulses 
travel much more rapidly in watet, dry wood, and the 
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metals, than in air. If the ear be applied to a rail at one end 
of a fence a huad^ed feet or more 'u\ length, when a smart 
blow is struck by a light hammer at the other end of the 
fence, the sound of the hammer will be heard twice ; first, 
through the wood, and, a little afterwards, through the air. 
The speed of the pulses is dependent upon the rapidity with 
which the compressed particles rebound from each other by 
their elasticity or mutual repulsion. India rubber is called 
flasficy though it yields very little sound -, because, in fact, 
though it recovers its form very perfectly when extended or 
compressed, it does so very slowly. 

•'722. There is generally a loss in the force of sound every 
time that it passes from one medium to another. Thus, a 
piano played in a room over-head is heard indistinctly, if at 
all, in the parlour below ; because the sounds have to pass 

Srincipatly from the air of the room to the planks of the 
oor, perhaps through a carpet 3 from this into the confined 
air ^bove the ceiling ; from this to the laths and plaster ; and 
frofh these to the air of the parlour. But let a metallic rod 
pass from the sounding-board of the piano through the ceil- 
ing to the room below, and the music will be heard distinctly, 
by means of its longitudinal vibration. 

723. If another sounding-board or a looking-glass be 
placed in contact with the lower end of the rod, the notes 
will be exceedingly increased in power. A glass of spark- 
ling champagne or cider cannot be made to ring, but pro- 
duces a sound like a cracked pitcher ; because the pulses are 
confused, and the vibrations checked by the difficulty of pass- 
ing continually from liquid to gas, and back again, through 
the mixture : but when the bubbles have all risen and been 
dissipated, the vessel will give a. clear note. 

724>. Sound can hardly be communicated through parti- 
tions of heavy inelastic tapestry, feather beds, or floors laid 
on sawdust, but pass with comparative readiness through 
walls of marble, hard wood or metal. The constant and 
irregular change of medium, in the former cases, breaks up 
each original pulse into a multitude of partial, conflicting, or 
disordered waves, reducing sound to a mere unintelligible 
murmur, or entirely destroying it. 

725. Sound, when confined to a medium of uniform den- 
sity, is louder in proportion to that density, and travels less ra- 
pidly in the sanae proportion. I have already stated that its 
progress through the atmosphere, near the surface of the 
earth, is at the rate of about 1142 feet per second. This 
rate, however, varies a little with the chan^ea oi \.^\i\\«tar 
27 
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hire and the vapory or hygrametric condlitioQ of t]ie air. Many 
experiments have been made upon the rate of sound in 
different years and countries, in Europe, India, and the polar 
regions of America. The experiments generally held moflk 
accurate have been performed in Holland, and give a velo 
city of 1089.42 feet per second, at the temperature of freez- 
ing water. But further examination shows that the speed of 
sound increases about 1.14 feet for every additional degree 
oftemperature measured by Fahrenheit's thermometer} which 
gives 1142 feet at the temperature of 78 degrees. 

726. By means of light suddenly emitted and accompa- 
nied by sound, we can. frequently determine distances with 
considerable accuracy. Thus, when a gun is discharged or 
lightning flashes, if we measure the interval of time between 
the flash and the report -or the first thunder-clap, by means 
of a ws^tch marking the seconds, and multiply the number of 
seconds by 1142, it will give very nearly the distance in 
feet — for, light travels so rapidly that we may safely disre- 
gard the interval occupied in its passage between any two 
places, on or near the earth's surfiice, which are visible from 
each other. 

727. Numerous experiments have also been . made, to de- 
termine the rate of the prepress of sound through other sub- 
stances than the air. Thus, two German philosophers, by 
observations extended to the distance of nine miles, deter- 
mined that the rate in water was 4709 feet per second. M. 
Biot, by observation on nearl}' half a mile of connected cast 
iron water-pipes, at Paris, through which any sound could 
be heard twice, once through the iron and once through the 
air, determined the rate in the former to be lOJ times greattr 
than in the latter, being 11,865 feet per second. By various 
experiments, it has been rendered probable that the rate is 
not far short of 7^ times that of air in silver, 9 times in cop- 
per, and from 11 to 17 times in wood. That. the onln- of 
these rates is correct, there is no doubt; but the experim* nts 
from which they have been deduced are . liable to some 
errors. 

728. The distance to which sounds can be heard depends 
upon the conducting power of the mediua, and this again 
upon their elasticity. If the world were entirely composed 
of glass, hard wood, or iron, the blow of a hammer would 
be heard in the most distant parts of it within a few minutes. 
Even in the air, the hurnan voice is sometimes heard at great 
distances, particularly when uttered in a shrill /(;/«e//o pitch. 
Jt is carried farthest over water and plain surfaces, princi- 
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pally because the pulses are there^less broken or confused by 
conflicting sounds and echoes. For the same reason, it is 
heard at greater distances during the night. Persons of 
highly cultivated voice, sach as teachers of elocution, have 
been heard distinctly amid the noises of the day, across rivers 
of great breadth. The "going at three shillings! going, 
going, gone I" of an auctioneer was heard, many years ago, 
from the summit of the hill in Market street, Philadelphia, 
to the opposite ferry in Camden, in New Jersey, nearly a 
mile distant, amid the noonday din of a commercial city. 
But the most remarkable instance on record, was the nightly 
" All's well !'' of the sentry of Old Gibraltar, said to have 
been heard at New Gibraltar, ten or twelve miles distant. 

729. Liquids are good conductors of sound, but are sur- 
passed in this respect by solids. If one end of a dry stick 
be held against the ear, and the other be placed on the lid 
of a boiling kettle, the formation of the bubbles of vapour 
'will produce sounds resembling the rattling of a dray or cart 
over a stony street. If a common fire-poker be suspended 
upon a string or* ribbon, the other end of which is wound 
round a finger inserted into one ear, a very slight tap against 
the end of the iron rod will produce the loud tone of a heavy 
bell. 

730. Heat increases the elasticity of gases, and also di- 
minishes the weight of the vibrating columns of air in wind- 
instruments. Hence, sound travels more rapidly in hot than 
in cold air, when the barometric pressure remains the same; 
and the pitch of musical notes is raised or rendered sharper 
by heat. Thus, an organ sounds perceptibly more grave in 
winter than in summer; and a flute that accords perfectly 
with the tuning-fork, when cold, rises above concert-pitch 
when warmed by the breath. 

731. Organs of Voice. — ^The organs of the human voice 
constitute a complicated musical apparatus, in which the 
properties of both wind and string-instruments are combined. 
At the upper part of the windpipe, certain vibrating chords 
called ligaments are stretched between moveable cartilages, 
just beneath the lining membrane covering the throat and 
the windpipe itself; which latter is a large tube filled with 
air, and nearly c^'lindrical. The moveable cartilages are pro- 
vided with many very delicate muscles, by which the ten- 
sion of the ligaments may be increased or diminished, and 
the passage of air from the tube enlarged or contracted at 
will. The tube itself undergoes slight changes in length, 
being con^xwed chiefly of cartilaginous rings acted upon by 
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the miuclei of the throat, &c. Add to this, that the ci^ 
of tho mouth, and nose, and, in men, certain other ctriaA 
in th«* \iones of the skull, have an influence on the ydiuie, 
quality, and pitch of the voice, producing other TibrBtioi 
and i*cho4>s, while the tongue and throat, by their mctioU) 
interrupt and modify the reverberations and the succewB 
of the voice to an almost endless extent. To be perfedlj 
acquainted with the philosophy of language, a man dtooUi 
bt* a profound musician and a skilful anatomist. 



CHAPTER VIII. 
OPTICS. 

732. Optics is the science which treats of the propertieB 
of light and vision. It is divided into a number of bralKhei) 
the names of which, with their definitions, will occur as we 
proceed. 

733. Nature of Light. — ^Light, like caloric, is impoodeiar 
ble. No human skill has been able to prove that it possesKi 
weight, even when most concentrated. Until of late years, 
the great majority of physical investigators had considered it 
as an extremely elastic fluid darting in all directions from the 
luminous body, in lines of incalculably minute particles fol- 
lowing each other in rapid succession, each line constituting 
what is termed a rai/. These rays ne- 
cessarily become continually more distant 
from each other as they advance, being 
directed to all parts of the periphery or 
surface of a sphere 5 and light, when per- 
mitted to spread freely, like sound, must 
therefore become diminished in. intensity 
in direct proportion to the square of the rig. si& 
distance from the luminous body. Any 

number of such rays forming a group or body of light sufr 
ciently large to be measured, as when sunshine streams into 
a dark room, is called a beam or pencil of light. Such a 
pencil is seen emanating from a candle, in Fig. 218. 

734. Almost from the origin of the science of optics, 
there were persons disposed to consider light as the result of 
impulses, like the pulses of sound, transmitted through a 
"^•*^»uin supposed to fill all space, but so exceedingly rare as 
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1jh> offer no sensible resistance to the motions of the heavenly 
todies. These pulses, sejparated from each other by various 
iqtervals, like those producing the different musical notes, 
were suppc^d to act upon the nerve of vision as the rou- 
■icai pulses impress the nerve of hearing. 

^35. Both these suppositions or hypotheses are surrounded 
with difficulties, though either of them will enable us to 
arrange and exjdain the relations of all the optical facts 
which can be introduced with propriety in the present work; 
and the doctrine of radiation being the more easily under- 
stood by beginners, it has been adopted here. 

736. Light is derived from a vjiriety of sources; such as, 
1, the sun, the fixed stars, and articles in a state of combus- 
tion ; which are bodies luminous by their own light : 2. the 
moon, planets, and all other visible substances upon which 
the light of a self-luminous body falls, and Vhich shine by 
reflection. Light is also occasionally derived from chemical 
changes among the particles of certain bodies, called sponta- 
neous phosphoric because the substance called phosphorus 
^ves out a faint light in dark places, at moderate tempera- 
tures, which is generally, though not always, the result of a 
kind of slow combustion. Decayed wood and decaying ani- 
mal or vegetable matter may form phosphori of this cha- 
racter; as is seen in light-wood, old pickle-barrels, and the 
bones of dead animals in certain conditions. The diamond, 
after long exposure to sunshine, flashes brilliantly in the* 
dark by means of light previously' absorbed ; snow absorbs 
the sun's rays during the day, and renders the night less dark 
by gradually parting with them again when the sun is with- 
drawn : — several artificial' as well as natural combinations of 
matter display this power in a high degree, and are thence 
called solar phosphorL Mere agitation of the particles of 
many substances occasions an elimination of light : thus, the 
friction or the sudden breaking of many crystalline minerals 
gives rise to bright flashes; as when loaf-sugar is broken in 
a dark place. Li^ht also accompanies many electrical, mag- 
netic, and galvanic experiments, and also many chemical 
changes in the structure of bodies. It is also secreted by 
peculiar organs ii^ many living animals and plants : thus, cer- 
tain plants — as the marigold, the tuberose, and the nastur- 
tium — sometimes emit flashes from their flowers on a warm, 
quiet, summer evening; the fire-fly secretes light fitfully, 
and the glow-worm more steadily, near the tail ; a few lan- 
tern-flies will enable one to read by the radiance of their 
beaks. Myriads of soft-bodied animals of the oee»si ^^^^^^ 
27* 
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the miuclei of the throat, &c. Add to thu, thit the ctribi 
of thn mouth, and nose, and, in men, certain other ctn&i 
in th«* bones of the skull, have an influence on the Toliuie, 
quality, and pitch of the voice, producing other Tibntioii 
and fcho«'s, while the tongue and throat, by their matiooi, 
intt-rrupt and nKxlify the reverberations and the saccewa 
of the voic»' to an almost endless extent. To be petfedly 
acquaintt'd with the philosophy of language, a man ahooid 
be a profound musician and a skilful anatomist. 



CHAPTER VIII. 
OPTICS. 

732. Optics is the science which treats of the propeitieB 
of light and vision. It is divided into a number of brancbei, 
the names of which, with their definitions, will occur as we 
proceed. 

733. Nature of Light, — ^Light, like caloric, is impondeiar 
bio. No human skill has been able to prove that it possesKS 
weight, even when most concentrated. Until of late yean, 
the great majority of physical investigators had considered it 
as an extremely elastic fluid darting in all directions from the 
luminous body, in lines of incalculably minute particles fol- 
lowing each other in rapid succession, each line constituting 
what is termed a ray. These rays ne- 
cessarily become continually more distant 
from each other as they advance, being 
directed to all parts of the periphery or 
surface of a sphere 5 and light, when per^ 
mitted to spread freely, like sound, must 
therefore become diminished in. intensity 
in direct proportion to the square of the rig. si& 
distance from the luminous body. Any 

number of such rays forming a group or body of light sufr 
ciontly large to be measured, as when sunshine streams into 
a dark room, is called a beam or pencil of light. Such a 
j)t'iicil is seen emanating from a candle, in Fig. 218. 

73'k Almost from the origin of the science of optics, 
tluTf w(To persons disposed to consider light as the result of 
inipul8(»», like the pulses of sound, transmitted through a 
»nedium supposed to fill all space, but so exceedingly rare as 
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. ."^ offer no sensible resistance to the motions of the heavenly 
J bodies. These pulses, sejparated from each other by various 
,^ intervals, like those producing the different musical notes, 
7 were suppose to act upon the nerve of vision as the mu- 
~ ncai pulses impress the nerve of hearing. 

735. Both these suppositions or hypotheses are surrounded 
with difficulties, though either of them will enable us to 
arrange and explain the relations of all the optical facts 
which can be introduced with propriety in the present work ; 
and the doctrine of radiation being the more easily under- 
stood by beginners, it has been adopted here. 

736. Light is derived from a variety of sources; such as, 
1, the sun, the €xed stars, and articles in a state of combus- 
tion ; which are bodies luminous by their own light : 2. the 
moon, planets, and all other visible substances upon which 
the light of a self-luminous body falls, and Vhich shine by 
reflection. Light is also occasionall;^ derived from chemical 
changes among the particles of certain bodies, called sponta- 
neous phosphoriy because the substance called phosphorus 
gives out a faint light in dark places, at moderate tempera- 
tures, which is generally, though not always, the result of a 
kind of slow combustion. Decayed wood and decaying ani- 
mal or vegetable matter may form phosphori of this cha- 
racter 3 as is seen in light-wood, old pickle-barrels, and the 
bones of dead animals in certain conditions. The diamond, 
after long exposure to sunshine, flashes brilliantly in th^ 
dark by means of light previously* absorbed; snow absorbs 
the sun's rays during the day, and renders the night less dark 
by gradually parting with them again when the sun is with- 
drawn : — several artificial as' well as natural combinations of 
matter display this power in a high degree, and are thence 
called solar phosphorL Mere agitation of the particles of 
many substances occasions an elimination of light : thus, the 
friction or the sudden breaking of many crystalline minerals 
gives rise to bri^htflashes; as when loaf-sugar is broken in 
a dark place. Li^ht also accompanies many electrical, mag- 
netic, and galvanic experiments, and also many chemical 
changes in the structure of bodies. It is also secreted by 
peculiar organs iti many living animals and plants : thus, cer- 
tain plants — as the marigold, the tuberose, and the nastur- 
tium — sometimes emit flashes from their flowers on a warm, 
quiet, sumnier evening; the fire-fly secretes light fitfully, 
and the glow-^worm more steadily, near the tail ; a few lan- 
tern-flies will enable one to read by the radiance of their 
beaks. Myriads of soft-bodied animals of the oce«sv ^tss^^Afe 
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*•' th«* lurhtniDg of the wateriiy*^ flashing under the bovKfl. 
»hip and ar Mind the oars of a boat, and HMnetimei cnV 
the track of a ve»el to resemble a nether milky vij,i» 
d^l with s\2Ds, planets, and luminous nebuhe. FromThir 
f-vr-r !i<»i:rc»' li^ht niay be derived, it has ceriain piopata 
in rommon. Lfrt us esamine them. 

737. Vilocity of Lieht. — Wherever we haveaaopfr 
tun it V of observing the prepress of light throu^ nftw 
distanirs, we find its velocity uniform, like that of nond. It 
travt-U 191,919 miK^ or about 19*2,000 miles P" ««^ 
This is asctTtained in the following noanner: The |tot 
Jiipit» r has four moons or satellites, which are frpqwotlj 
t'c]ij)s»d hy the body of the planet passing between one of 
th** m(K)ns and the eye of the observer : and the moment of 
occurrt* nci' of each of these eclipses is c:alculated with gmt 
accuracy hy astronomers. Now, this planet and the eaith 
revolve around the sun in planes pretty nearly coincidiif 
with each other. Sometimes, eclipses occur w'hen Jupiter 
and the earth are in conjunction ^ or on the same side oi the 
Sim, forming nearly a straight line with it : at other tiox^ 
when the earth and planet are in oppctsition, or on opposte 
sides of the sun, forming nearly a straight line with it. b 
the former, the earth is nearer to the planet than in the lat- 
ter case, hy a distance equal to the diameter of the euth'i 
orbit, which is known to be 190,000,000 of miles. When 
thfsi* bodies are in conjunction, an eclipse of one of Jupiter^ 
moons is seen 16^ minutes sooner than when they are in op- 
pot:ition : hence ; light conveys the intelligence of the eclipse 
to the eye, across the earth's orbit, or 190,000,000 of miles, 
in 1()J minutes, which is at the rate of a little more than 
19 1,919 miles per second. 

738. Refraction of Light. — Light, when uninterrupted 
and uninfluenced by matter, al^'ays travels in straight lines; 
as when it passes from the sun or moon to the earth's atmo- 
sphere. It also travels in straight lines when passing through 
any nu^dium of uniform density. Thus j if the eye be sunk 
below the surface of water, all visible objects within the 
liquid itself arc seen in their proper places; because the rayi 
emanating from them come directly to the eye. So; rays 
traversing a sheet or body of glass, preserve a straight course 
from one* surface to the other. 

7.')9. Ikit when a ray or beam of light passes from a denser 

»nto a rarer medium, or from a rarer into a denser medium, 

juileKs it fall perjx'hdicularly upon the surface, it is always 

"'nt from its direct course at an angle which varies in difier- 
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appear above the horizon, at S', in coniequence of its paral- 
lax. 

742. Infiection of Light. — When rays of light pass very 
near lo the edge of any body, they seem to be aomewhat 
bent from their course, as if by the allraclion of the matter 
compo«ng the body, and thus, the shadows of objects are 
prevented from being perfectly black. This species of bend- 
ing is called the infitciion of light. 

7*3. Reflection of Light.— UghX. being highly elastic, ils 
' {articles, when they cannot pass between the molecules or 
' atoms of a body upon the surface on which they fall, neces- 
' ssrily rebound from it, like billiard-balls, with their velocity 
unc&nged, making the angle of rejection equal to the angfe 
of incidence. If, then, a ray of light, A B, Fig. 221, fall 
upon the plain surface £ F, and cannot enter, it will rebound 
in the direction fi C; and if the 
surlace F F be perfectly smooth, 
the ray will be visible, after re- 
flection, in no other direction. 
But all surfaces, however smooth- 
ly polished, si ill present minute 
inequalities ; and even when pa- 
rallel rays of light fall upon the , 
iDost highly polished body, they 
must strike upon these inequali- 
ties at every possible angle ; therefore, some of the rays will 
be scattered in every possible direction by reflection from 
each visible portion of any surface. So extremely minute 
are the particles of light that they are continually reflected, 
not only from particles of dust floating in the air, but from 
the molecules of the air themselves. A beam of sun- 
ehine in a dark room thus becomes visible throughout ilg 
whole course. The diverging beams of the sun, shining 
through openings in the clouds, producing the appearance 
usually called " the sun drawing waler," present us with this 
atmospheric reflection on a large scale ; and the rays falling 
upon the molecules of the upper air, after sunset, are tossed 
about and scattered in the same manner, so as to diffuse a 
gentle light even upon (he earth below. This ia the cause 
of twilight. 

744. OfShadotet and PertvmbriE.— The form of the sha- 
dows of objects depends upon the rectilinear direction of the 
rays of light, modified by inflection and refraction. They 
present the outlines of the objects variously distortt-d, en- 
larged, or diminished, according to the torm ol ft\<; ^Mt^w^ 
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f*mpty buin as far u F ; but, on filling it with water totk 
former level, the light puses down to £ : because the tq 
( ' D, just pasiing the rim of the vessel, falls on the txaba 
of th*' dtfiser medium at D, and is there bent at the one I g 
aiiglo as in the former expt^riment, and inclining moRlo- ^ 
wards the ix-rpendicular, assumes the direction D £. Thii 
U'ndin^ of rays, as they pass from a medium of one depc 
of density to another of different density, is called refru- 
tion. 

Til. Parallax. — In the foregoing experiments, the r^ 
are tx'nt at an angle, but the portion of each ray cootaina 
in either medium is always found to pursue a straight liui 
because each medium is uniform in density throu^Knt* 
When rays pass successively and obliquely through thedi^ 
ferent strata of the atmosphere, the density of the medium 
throui^h which they travel is perpetually changing, becauie 
the air continually diminishes in density as we ascend. Sudi 
rays must, therefore, undergo a change of reiraction at eveiy 
moment. In approaching the earth, they will be continually 
bent more towards the perpendicular direction^ because the 
density is continually increasing; but in leaving the euth, 
they will be j>orpetually bent more from the perpendicujir 
direction, becaus<* the density is as constantly diroiniahiog* 
Such rays, theri'fore, pursue a curvilinear direction, and coor 
s(*quently no object can appear to us in exactly its proper 
place when viewed through a great height or depth of airi 
unless when we look directly up or directly down upon it 
The apparent place of the sun or a star is never its true 
place in the heavens, except when it is exactly at the zenith; 
and the an(];ular distance between the apparent and real place 
of a heavenly body is called the parallax. As the degree 
of refraction increasi^s with the angle of incidence of the 
ray, it follows that the nearer a heavenly body approachei 
the horizon, the greater 
will be its parallax, and ^"*~><c— -^^^ ,----•* 

it will continue visible y ^ aZ^ -^^^""' « 

even after it sinks actu- 3 ^ -^^^^ ^S^^^-^-^I^ — ^^^ 
ally below the horizon. _. ^^ 

Let D, Fig. 220, repre- *^***- 

sent a portion of the earth's surface ; B C, a section of its at- 
mospere ; A, the place of an observer ; A H, a horizontal line ; 
and S, the sun, when just below the horizon. Now, a ray 
taking the direction S F, and meeting the atmosphere about 
B, would be curved by refraction until it would reach the 
^ye at A, in the direction S A, and the. sun would therefore 
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E the earth. When the moon — a coinpan^vely small 
:hotj — comes directly between the earth and the sun, the 
nyaA G and B C, from opposite sides of the sun, converge 
towEids a point beyond C, and bound the true shadow of the 
moon, M C, which is therefore conical. This shadow, in 
the present instance, is arrested by the surface of. the earth, 
and. forms a dark circle thereon at C, within which circle an 
observer cannot see any portion of the sun, and the eclipse 
will therefore be total. The rays B D and A F, crossing 
each other at an angle and touching the surface of the moon 
at points or sides opposite to their respective origins, bound 
the half-shaded space between ]\(|and £, which constitutes 
the penumbra, forming part of ap inverted cone, of which 
the base, D F, where it is arrested by the earth, forms a 
large circle, enclosing the dark spot C ; and throughout this 
space, only part of the sun can be seen, rendering the eclipse 
partial. As the orbits of the earth and moon are ellipti- 
cal, their distance from each other and from the sun at 
different periods varies considerably. Now, if it so happen 
that the moon is nearl}*^ at her greatest distance from the 
earth (or in apogee), and the earth near its l^ast distance 
from the sun (or in perihelion)^ at the time of such an eclipse, 
the rays A C and B C will cross each other before they reach 
the earth, so that the shadow disappears^ and the penumbra 
alone falls upon the earth. In this case, all observers would 
witness a partial eclipse, but one standing at C or any where 
between the rays just mentioned, would see the moon like a 
dark circle over the face of the sim, while the rest of the 
sun's disk Would appear as a shining ring around it, consti- 
tuting what is called an annular eclipse. The planets Mer- 
cury and Venus, being nearer to the sun than the earth, 
sometimes produce annular eclipses ; but their apparent size is 
so small, compared with that of the sun, that their true sha- 
dows never reach the earth, and their passages across its face 
are called transit,^,. The earth, would appear to perform 
similat transits to observers upon either of the more distant 
planets., 

747. The facility with which light passes through differ- 
ent bodies that permit it to pass at all, does not depend upon 
the density or closeness of their particles : thus, charcoal, 
with a very low specific gravity, transmits scarcely a ray of 
light, while the diamond, composed of the same kind. of 
matter in much greater density, permits nearly all the rays 
that fall on it perpendicularly, to continue their course un- 
checked. The molecules of light are su^i^^^ Vq \^ ^:> 




on which they fall, iti distance from the object, and tiN» 
lativo siz''3 of the object and the luminous body which oi 
them. If the luminous body be larger than the object, Ae 
shadow continually increases in size with distaDce; but if i 
be smaller than the object, the shadow diminishes with d» 
tanc<\ and if not arrested by a reflecting sur&ce, fiodf 
dwindl(*s to a point and disappears. 

74r>. As Ii;:ht radiates in all directions from eveijputtf 
a luminous body, there must be formed around every sbidov 
a manrin or lx)rder of half-shade, called a penvmbni n^ 
form»*d in a manner explained by Fig. 222. S repreieiiii 
the sun shining; upon the sui^ 
face M N, and casting thereon 
a shadow of an upri;;ht object, 
A B, impervious to light. The 
ray V Y strikes the surface at 
F, and as it comes from the 
highest point of S from which 
any ll^ht can roach the point 
A, it is obvious that none of 
the sun's light can fall on the 
surface between B and F. The 
space B A F is therefore in deep shadow. From F towatdi 
I, tht> surface receives continually more light from the suD) 
but it is only at I that the ray £ I, from the farthest part of 
the under surface of the sun, reaches the surface M X The 
space F A I is therefore partially illuminated, the quantity 
of light being gradually increased from complete shadow ii 
F to broad sunshine at I. This space is the penvmbra or 
half-shadow : and as it is bounded by rays that cross at an 
angle at A, it must continue to increase in size with distance, 
whatever may be the relation in size between the object and 
the luminous body. 

746. The true shadow and the penumbra play important 




Fig. 933. 



parts in the phenomena of eclipses. Fig. 223 is a diagram 
of an eclipse of the sun j in which S is the sun, M the mooD, 
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9?sd E the earth. When the moon — a comparatively imall 
jitfdy — comes directly between the earth and the sun, the 
r:uy»A G and B C, from opposite sides of the sun, converge 

- ivwuds a point beyond C, and bound the true shadow of the 

- iBOon, M C, which is therefore conical. This shadow, in 
jtbe present instance, is arrested by the surface of. the earth, 
and. forms a dark circle thereon at C, within which circle an 

^observer cannot see any portion of the sun, and the eclipse 
■ will therefore be total. The rays B D and A F, crossing 
each other at an angle and touching the surface of the moon 
•ft points or sides opposite to their respective origins, bound 
the half-shaded space between ]\(|and £, which constitutes 
the penumbra, forming part of an inverted cone, of which 
the base, D F, where it is arrested by the earth, forms a 
large .circle, enclosing the dark spot C ; and throughout this 
ipace, only part of ihe sun can be seen, rendering the eclipse 
partial. As the orbits of the earth and moon are ellipti- 
cal, their distance from each other and from the sun at 
different periods varies considerably. Now, if it so happen 
that the moon is nearl}'' at her greatest distance from the 
earth (or in apogee)^ and the earth near its least distance 
from the sun (or in perthelion)^ at the time of such an eclipse, 
the rays A G and B G will cross each other before they reach 
the earth, so that the shadow disappears^ and the penumbra 
alone falU upon the earth. In this case, all observers would 
witness a partial eclipse, but one standing at G or any where 
between the rays just mentioned, would see the moon like a 
dark circle over the face of the sim, while the rest of the 
aun's disk Would appear as a shining ring around it, consti- 
tuting what is called an annular eclipge. The planets Mer- 
cury and Venus, being nearer to the sun than the earth, 
sometimes produce annular eclipses ; but their apparent size is 
so small, compared with that of the sun, that their true sha- 
dows never reach the earth, and their passages across its face 
are called transitu. The earth, would appear to perform 
similar transits to observers upon either of the more distant 
planets.. 

747. The facility with which light passes through difffr- 
ent bodies that permit it to pass at all, does not depend upon 
the density or closeness oi their particles: thus, charcoal, 
with a very low specific gravity, transmits scarcely a ray of 
light, while the diamond, composed of the same kind. of 
matter in much greater density, permits nearly all the rays 
that fall on it perpendicularly, to continue their course un- 
checked. The molecules of light are sa^i^^^ Vo \ife ^ 
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extremely minute, when compared with the intemkbdvil ^ 
the molecules of the deniest ponderable matter, *^ '^1 i^ 
proportion of all the raya falling upon any body m^T*^! 
trate to a certain depth between them before they mNtvil *|? 
an obstacle. Now, it is evident that this depth miy depl I ^ 
upon the arrangement aa well as the number of moMB I ^ 
of matter in the ponderable body : thus ; the diamond ■>¥ I ^ 
offer numerous passages to light, while, in charcoal, tiwIi^ I ^ 
tides may offer impenetrable barrien to its progress iW " * 
at the surface. 

748. Bodies that reflect light regularly, but penmt it ti 
pass freely in other resp^s, allow the forms of ofajedi to 
be seen through them distmctly, and are called tran$p»ti; 
— as polished glass. Those of "which the particles aatiff 
the rays irregularly, so as to confuse all images, yet still pn^ 
mit the light to struggle through, are called tmmheeiif 
as ground glass. When nearly all the light is arrested l^t 
body, or reflected back to its surface from a scarcely vialik 
depth, the body is said to be opaque; — as iron. 

74-9. Absorption of Light, — No substance in nature ii^ 
solutely impervious to light. Gold and silver, \irhich ice 
among the densest of known substances^ become translucent, 
and the former even transparent, when rendered very thin. 
The light of day penetrates a wooden window-shutter, lo m 
to render the outlines of objects visible to extremely actite 
eyes, even in a darkened room. 

750. On the other hand, no substance is perfectly transpa- 
rent. Noonday sunshine loses one-fourth of its intensity by 
passing perpendicularly through the clearest atmosphere to 
the level of the soa, and appears much brighter on a ntouih 
tain top. We gaze upon the sun without pain or difficulty, 
at its rising or setting, because the rays then traverse the 
atmosphere for a much greater distance, and come to us with 
only 1-21 2th of their original intensity. From these fiidi 
it is evident that light, in passing through the most transpa- 
rent bodies, is absorbed to a greater or less extent, according 
to tho degree of their transparency, and the thickness tra- 
versed by the rays. 

751. It has been proved that sunlight loses about one-half 
its intensity by passing through fifteen feet of clear sea-water, 
or through three inches of the clearest glass. Gold, reduced 
to the thickness of l-300,000th of an inch, transmits a beau- 
tiful sea-green light, like the colour of the melted metal, and 
is thought to be 250,000 times more opaque than glass. 
Writing-paper transmits about one-third of the incident light, 
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ulRued or scattered by its translucency ; and when oiled, it 
jecomea transparent, but transmits scarcely any more light. 

Jrlaas, when ground and translucent, gives passage to nearly 

JM.much light as it does when polished and transparent. 
,. 152. Of Colour and Images, — As objects are rendered 

jriaible by the light reflected from them or transmitted by 

.t|iein, it follows that colours are not resident in the bodies to 
iwtiich they appear to belong, but are mere sensations pro- 

j)nced in us -by the properties of light, and not by those of 
poaderable matter. There must, therefore, exist many varie* 
ties in the condition of light under different circumkances, 

^'orit could not produce in us sucfaivarrous sensations. 

. 753. These varieties are explained on the hypothesis of 
imdulation (734<), by supposing that the pulses of light, like 
those of sound, produce effects varying with the rapidity of 
the succession of the undulations, which may be modified by 
the reflecting or the refracting bod v : but on the hypothesis 
of .radiation, it is necessary to consider light as a compound 
body^ a molecule of white light being composed of several 
different kinds of atoms, each awakening the idea of a cer^ 
tain colour, but, when sdl combined, producing the sensation 
of whiteness. 

754. When molecules of light fall upon or are transmit- 
ted through bodies, their component atoms — some of which 
are always reflected, others absorbed, and others, in most 
cases, transmitted— are separated and reunited in various pro- 
portions, according to the nature of the body, so as to produce 
every variety of tint. This explains why the images of 
things formed by reflection and refraction, — a subject which 
will be more fully discussed hereafter — are sometimes co- 
loured after nature, and sometimes' appear in hues modified 
by the body which forms them. 

755. When sunshine enters a dark room, through a small 
circular hole in a window-shutter, the rays coming from all 
parts of the sun towards this hole must necessarily spread 
out in the form of a cone afler crossing each other at the 
orifice, and make a circular illumination upon the perpendi- 
cular wall on the other side of the roomj as represented in 
Fig. 224-, where S designates the sun, O the orifice, and F 
the illuminated circle. Light emanating from other objects 
aroudd the luminous cone ABO will also enter the orifice, 
and will diffuse, over the surrounding parts of the wall, rays 
varying in colour according to the nature of the object from 
which they emanate. In other words, the bright spot F will 
be an image of the sun, visible in all patVs o^ V\v^ ^owres^Vj 

28 
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of a semicircle, will measure 90° or a right angle (57).. The: 
angle B D E is therefore the angle of incidence (308). Now, 
lay off from E the arc E A, making it equal to E B, and join 
D A : then, the angle EDA, being equal to the angle B D E, 
will be the angle of reflection,- and the line D A will repre- 
sent the direction of the reflected ray. 

762. When the mirrQr is concave, 
and spherical, as at M N, Fig. 227, 
find the centre, C, of the curve M N. 
All radii of a circle are perpendicular 
to the surface at the point of intersect' 
tion. Therefore, join C D, and B D C 
will be the angle of incidence. Draw 
D A, making an angle with D C equal 
to this angle of incidence, and D A will represent the re- 
flected ray. 

763. If the mirror be convex and 
spherical, as at M N, Fig. 228^ find the 
centre, as before, join C D and produce 
it to E. Then D E will be perpendicu- 
lar to the surface at D. Make the an- 
gle A D E equal to the angle E D 6, 
and D A will represent the direction of 
the reflected ray. 

764. In all mirrors, however irregu- 
lar, if a ray of light fall upon any point, 
and a. line be drawn perpendicular to 
the surface at the point of incidence, the angle of reflection 
can be found by the same process. 

765. When light falls perpendicularly upon a mirror, it is 
reflected in the very line of incidence. Thus, in either of 
the foregoing figures, a ray pursuing the direction E D, would 
be reflected in the direction D E, because, in this case, the 
angles of incidence and reflection have vanished, or are each 
equal to nothing. ^ If a ray fall in the direction of a tangent 
to any surface, it cannot be reflected, because it has the same 
direction with the surface, and cannot impinge upon it. 

766. When parallel rays 
impinge upon a plain mir- 
ror, they will continue pa- 
rallel after reflection. Let 
A A', Fig. 229, represent 
two parallel rays incident 
upon the mirror M N, at 
the points D, D'. Draw, nt «». 
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* %> offer no sensible resistance to the motions of the heavenly 

* bodies. These pulses, separated from each other by various 
intervals, like those producing the different musical notes, 
were suppose to act upon the nerve of vision as the mu- 
■icat pulses impress the nerve of hearing. 

73§. Both these suppositions or hypotheses are surrounded 
with difficulties, though either of them will enable us to 
arrange and explain ther relations of all the optical facts 
which can be introduced with proprij^ty in the. present work ; 
' and the doctrine of radiation being the more easily under- 
stood by beginners, it has been adopted here. 

736. Light is derived from a variety of sources; such as, 
!• the sun, the €xed stars, and articles in a state of combus- 
tion ; which are bodies luminous by their own light : 2, the 
moon, planets, and all other visible substances upon which 
the light of a self-luminous body falls, and Vhich shine by 
reflection. Light is also occasionally derived from chemical 
changes among the particles of certain bodies, called sponta" 
neons phosphoric because the substance called phosphorus 
gives out a faint light in dark places, at moderate tempera- 
tures, which is generally, though not always, the result of a 
kind of slow combustion. Decayed wood and decaying ani- 
mal or vegetable matter may form phosphori of this cha- 
racter 3 as is seen in light-wood, old pickle-barrels, and the 
bones of dead animals in certain conditions. The diamond, 
after long exposure to sunshine, flashes brilliantly in th^ 
dark by means of light previously^ absorbed j snow absorbs 
the sun's rays during the day, and renders the night less dark 
by gradually parting with them again when the sun is with- 
drawn : — several artificial' as well as natural combinations of 
matter display this power in a high degree, and are thence 
called solar phosphorL Mere agitation of the particles of 
many substances occasions an elimkiation of light : thus, the 
friction or the sudden breaking of many crystalline minerals 
gives rise to bright flashes; as when loaf-sugar is broken in 
a dark place. Li^ht also accompanies many electrical, mag- 
netic, and galvanic experiments, and also many chemical 
changes in the structure of bodies. It is also secreted by 
peculiar organs iti many living animals and plants : thus, cer- 
tain plants — as the marigold, the tuberose, and the nastur- 
tium — sometimes emit flashes from their flowers on a warm, 
quiet, summer evening; the fire-fly secretes light fitfully, 
and the glow-^worm more steadily, near the tail ; a few lan- 
tern-flies will enable one to read by the radiance of their 
beaks. Myriads of soft-bodied animals of the ocean igwAftR» 
27* 
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Trom A D to A B, the virtual image B \K-Quld contiimetolt 
visible from A,, although the real object could not be m: 
thus; a lady in her parlour may aometimes examine a vbto 
at the door, by looking at her mirror in the parlour. 

769. In the foregoing example, the 
ohjrct is placed in a position perpendi- ^'^ 
cular to the mirror. If it be placed in 
an incliniMl position, the inclination is 
still roviTsod, but it will not be turned 
end for end, as before. This you will 
perceive at a glance, by examining Fie. 
'231. In a mirror inclined to the hori- 
zon, at an angle of forty-five degrees, ' «. -5, 
as at M \, Fig. 231, if' the object be ' 
erect, the image will be horizontal ; but, if the former be 
horizontal, the latter will be erect. 

770. Images in mirrors, like real objects, appear to enlarge 
as we approach, and diminish as we retreat from them. The 
n»ason of this will be obvious on examining the reflected rayi 
B K A, C F A, &c., and the half- virtual, half-real rayi 
B E A, C' F A, &c., Fig. 230 ; for, if the eye approach or 
recede from the mirror, the convergence of these rays will 
be proportionally increased or diminished } and it is this con- 
vergence alone which determines the apparent size of the 
object or the image. Similar effects must obviously follow 
the removal or approach of the object instead of the eye. 
Hence, imas^es in plain mirrors always appear as if equally 
distant, and of the same dimensions with the real object. 
Hence, also, an observer sees the whole of his own image in 
a plane mirror of half his length : because the vUudl rays 
emanating from his person to form the iniage by reflection, 
perform half their journey in reaching the mirror, and the 
other half in returning to the eye. 

771. It is evident, from a glance at the same figure, that 
just as converging rays falling on a plane "mirror continue to 
converge after reflection, so also diverging rays continue to 
diverge, under similar circumstances. 

772. Hitherto, we have considered the human eye ai 
nearly a point in space, receiving but a single ray of light 
from each minute portion of the surface of an object : but 
that part of the eye which admits light is really of consider- 
able size, and is capable of receiving many rays diverging 
from the same place. Let A B, Fig. 232, represent a plane 
Jjwrror, M N an object placed before it, and E the eye of an 
ooaerver. Here, the divergent rays in the pencil M D F, 



REFLECTION FROV lOBSORS. 



381 
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^ In will fonn, after .reflection, a continoatton 

■ri ct the sanle pencil from D F to E, and 

zy: all these rays will enter the eye. 

•.. 773. Now> the eye- is so constructed 
internally that all the rays received by it 

]j horn the same spot on an object not too 

' near to be seen distinctly, are concen- 
trated by refraction to a single spot with- 
in it, just as they reach the retina — 
an expansion of the optic nervey by 
means of which the mind perceives the 
presence of light. Therefore, the whole conical pencil of 
rays M D F £, in the figure, is concentrated upon a single 
spot on the retina, and the mind perceives the spot M, illu- 
minated by allthese rays, in the direction of the axis of that 
cone. If the reflected portions of this cone, and the similar 
cone N G H E, be . produced beyond the mirror, they will 
form points at m and n, and will mark the extent and posi- 
tion of a virtual image of M N, as seen from E. 

774. When parallel rays fall on a convex mirror, as in 
Fig.* 333, they diverge ' 
after reflection. Let M 
N represefit the mirror, 
C the centre of its cur- 
vature, and A, A, A, 
three equidistant rays of 
parallel light, of which 
one ray, A D, corre- 
sponds with the axis of 
the mirror; From the 
centre, C, to the points 
of incidence, M, D, and 
N, draw the radii C M, 
C D, C N, -and produce 
C M and C N to E and E'. Make the angles B M E and 
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Fig. 233. 



B' N E equal to the angles E M A, E' N A ; then will M B 
and N B' represent the corresportding rays after reflection 
^763). The ray AD, falling perpendicularly upon the sur- 
face at D, will be reflected directly back in the direction D A 
(763). .Here, you perceive that the convex form of the sur- 
face renders the rays strongly divergent by reflection. 

775. If the lines B M and B' N be produced till they meet 
at an angular point, that point will be found, at F, in the 
Une C A, which is the axis of the mirror. If ^lIv^ o^Vi^-^ 
pair of parallel incident rays eqmdialaivl itom MX\^ ^'^a'^ "^ 
produced ia the same manner, they w\\\ ra^^il %\. «Dta& ^vofi 
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{i.iif iq f |'rf<'"-fit<-rl Ijy th*: »[iace D F E. 
'I'lilm I- \\\i- lifHK K I) sind E P', until Fij. 234. 

fli' V III' f t III m, iirifl it vi «-vidf'nt that 
•ill Mii i.iyo III th'- rtjil pfMcil M D F E will appear to cob- 
t'llC III Mm- )Hiiiit 711^ which will therefore be the apparent 
{•till I «if M, iiiH- ixliiMiiity </f thf real object M N. For like 
i- .1....M.1. /I will l»«- tin- a|i|):irf'rit place of the extremity N of 
Ml. II .il i.l.jif I , lii-iiri', M N will be the place of the virtual 
'•'•.tjii. ,,( 1 1,, ,,),i,'it MN, UNit will be seen by reflection at E. 
**"i, M.. iJMi i((iii^, nivM riilliiij; iijKm a convex mirror are ren- 
''"'■'I iiiMii. ilivi-ijii'iil by n'lh'dion (776), it is evident that 
"•I I I.. II |tii-ririi(in^ itUooUhI T^i'^R^^LT^i wioto divei^ot 
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if produced, will therefore m^et at an ansle woner than the 
latter, and hence m will be nearer the mirror than M. As 
this is equally true of any other point in m n, when com- 
pared with the corresponding point in M N, the whole of 
the virtual image will appear nearer than the real object, in 
proportion to the degree of convexity. As the virtual focus 
of each pencil of reflected rays must be nearly at tH6 same 
distance from the mirror (775), <he virtual image will not be 
straight, as represented fn the figure, but curved into a con- 
vexity corresponding with that of the mirror itself. 

779. In Fig. 234, however the position of the eye may 
be changed, while that of the object' M N remains un- 
changed, the image m n will be seen in the same position. 
If we jofn M C and N C, and then cause the object to ap- 
proach or recede from the centre C, keeping it* direction 
constantly parallel to the first position, the image m n will 
increase or diminish in size accordingly ; but the points m 
and n will always be found, some where in the lines M C and 
N C. When the object is indefinitely distant, so that the 
incident rays may be regarded as parallel, the image will be 
found half- wa3& between C and the sui*ikce of the mirror — 
that being, the virtual focus of rays reflected from parallel 
incidence dn such^a mirror, as seen in Fig. 233. 

780. On a cylindrical mirror, the rays reflected length- 
wise of the cylinder are reflected as from a plain mirror, ahd 
the parts of a virtual image, which are painted by such rays, 
appear of undiminished size ; but those parts which are 
painted by rays reflected in a plane perpendicular to the 
axis of the cylinder, will be diminished in length according 
to the law of convex mirrors. From this circumstance, all 
images of objects seen in cy- 
lindrical mirrors are strange- 
ly distorted by being dimm- 
ished in the transverse, but 
not in the longitudinal di- 
rection; and the distortion ' 
is greatly increased by the 
nearest portions of the ob- j^ 
feci being much less dimin- 
ished in size than the more 
distant parts, as is also the 
case in spherical convex 
mirrors. 

781. The nature of these 
distortions is varied by cban- rii.^a&. 
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A tiM I \fH at (\ the rays all become radii to the sphere, and, 
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rallel ilii'»!i-.iiiiaH, and the focus may be said to be infinitely 
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-3.Bd E the earth. When the moon — a comparatively small 
-r^i^y— -comes directly between the earth and the sun, the 
^«ja-A C and'B C, from opposite sides of the sun, converge 
:-.Mraid8 a point beyond C, and bound the true shadow of the 
i-motm^ M C, which is therefore conical. This shadow, in 
Bjcbe present instance, is arrested by the surface of. the earth, 
■n4. forms a dark circle thereon at C, wi^in which circle an 
.-dbaerver cannot see any portion of the sun, and the eclipse 
^viU therefore be total. The rays B D and A F^ crossing 
each other at an angle and touching the surface of the moon 
st points or sides opposite to their respective origins, bound 
the half-shaded space between ]\||and £, which constitutes 
the penumbra, forming part of aQ inverted cone, of which 
the ' base, D F, where it is arrested by the earth, forms a 
large circle, enclosing the dark spot C ; and throughout this 
space, only part of the sun can be seen, rendering the eclipse 
partiaL As the orbits of the earth and moon are ellipti- 
cal, their distance from each other and from the sun at 
different periods varies considerably. Now, if it so happen 
that the moon is nearly at her greatest distance from the 
earth (or in apogee)^, and the earth near its l^ast distance 
from. the sun (or in perihelion), at the time of such an eclipse, 
ibe rays A C and B C wiU cross each other before they reach 
the esurth, so that the shadow disappears^ and the penumbra 
alone falls upon the earth. In this case, all observers would 
witness a partial eclipse, but one standing at C or any where 
between the rays just mentioned, would see the moon like a 
dark circle over the face of the sim, while the rest of the 
min's disk Would appear as a shining ring around it, consti- 
tuting what is called an annular eclipse. The planets Mer* 
cury and Venus, being nearer to the sun than the earth, 
aomeiimes produce annular eclipses ; but their apparent size is 
so small, compared with that of the sun, that their true sha- 
dows never reach the earth, and their passages across its face 
are called transits,. The earth would appear to perform 
similai^ transits to observers upon either of the more distant 
planets*, 

747, The facility with which light passes through difftT- 
ent bodies that permit it to pass at all, does not depend upon 
the density or closeness of their particles : thus, charcoal, 
with a very low specific gravity, transmits scarcely a ray of 
light, while the diamond, composed of the same kind of 
matter in much greater density, permits nearly all the rays 
that fall on it perpendicularly, to continue their course un- 
checked. The molecules of light are sKX^i^Qieft^ Va \^ ^ 



extremely miautey when compared with the iotervahMM 
the mulecules of the denaest ponderable matter, that ilqt 
proportioQ of all the rays falling upon any body ray pv- 
tratH to a certaia depth between them before they oeetvi 
an obstacle. Now, it is evident that this depth may depoi 
upon the arrangement as well as the number ai moMn 
of matter in the ponderable body : thus ; the diamond Wij 
oder numerous paMSges to light, while, in charcoal, tiMff^ 
ticle« may offer impenetrable barriers to its progrea^ fM 
at the surface. 

74.S. BodaeD that reflect light regularly, but pennit it li 
pa.ss freely in other resp^ts, allow the fbrnu of ofajedi to 
be seen through them distinctly, and are called tranqivt^i 
— a:s polished ^lass. Those of which the particles BCitter 
the rays irregularly, so as to confuse all images, yet still prh 
mit th** light to struggle through, are called tmiuhctid^ 
as ground glass. When nearly all the light is arrested bjt 
body, or reflected back to its surface from a scarcely visdife 
depth, the body is said to be opaque; — as iron. 

749. Ahsorpiion of LighL — No substance in nature is ab- 
solutely impervious to light. Gold and silver, "which are 
among the densest ot' known substances^ become translaceot, 
and the former even transparent, when rendered very tbjB. 
The light of day penetrates a wooden window-gutter, so ts 
to render the outlines of objects visible to extremely acute 
eyes, even in a darkened room. 

750. On the other hand, no substance is perfectly transpft* 
rent. Noonday sunshine loses one-fourth of its intensity by 
passing perpendicularly through the clearest atmosphere to 
the level of the si^a, and appears much brighter on a moun- 
tain top. We gaze upon the sun without pain or difficulty, 
at its rising or setting, because the rays then traverse the 
atmosphere for a much greater distance, and come to us with 
only 1-21 2th of their original intensity. From these feds 
it is evident that light, in passing through the nxMt transpa- 
rent bodies, is absorbtd to a greater or less extent, according 
to the degree of their transparency, and the thickness tra- 
versed by the rays. 

751. It has been proved that sunlight loses about one-half 
its intensity by passing through fifteen feet of clear sea-water, 
or through three inches of the clearest glass. Gold, reduced 
to the thickness of 1.300,000th of an inch, transmits a beau- 
niul sea^reen light, like the colour of the melted metal, and 

WritK* ^"^ ^ ^^^'^^^ **™^« '"^'"^ opaque than gbss. 
writing-paper transmits about one-third of the incident light, 
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..Jidlused or scattered by its translucency; and when oiled, it 
^ becomea transparent, but transmits scarcely any more light. 
. Glass, when ground and translucent, gives passage to nearly 
.' M much light as it does when polished and transparent. 

752. Of Colour and Images. — As objects are rendered 
1 visible by the light reflected from them or transmitted by 
~ t^em, it follows that colours are not resident in the bodies to 

which they appear to belong, but are mere sensations pro- 
duced in us -by the properties of light, and not by those of 
ponderable matter. There must, therefore, exist many varie- 
ties in the condition of light under diffeirent circumstances, 
or it could not produce in us sucl#varrous sensations. 

753. These varieties are explained on the hypothesis of 
undulation (734), by supposing that the pulses of light, like 
those of sound, produce effects varying with the rapidity of 
the succession of the undulations, which may be modified by 
the reflecting or the refracting biodv : but on the hypothesis 
of. radiation, it is necessary to consider light as a compound 
body; a molecule of white light beins composed of several 
different kinds of atoms, each awakening the idea of a cet^ 
tain colour, but, when all combined, producing the sensation 
of whiteness. 

754. When molecules of light fall upon or are transmit- 
ted through bodies, their component atoms — some of which 
are always reflected, others absorbed, and others, in most 
cases, transmitted — -are separated and reunited in various pro* 
portions, according to the nature of the body, so as to produce 
every variety of tint. This explains why the images of 
things formed by reflection and refraction, — a subject which 
will be more fully discussed hereafter — are sometimes co- 
loured after nature, and sometimes appear in hues modified 
by the body which forms them. 

755. When sunshine enters a dark room, through a small 
circular hole in a window-shutter, the rays coming from all 
parts of the sun towards this hole must necessarily spread 
out in the form of a cone after crossing each other at the 
orifice, and make a circular illumination upon the perpendi- 
cular wall on the other side of the room ; as represented in 
Fig. 224; where S designates the sun, O the orifice, and F 
the illuminated circle. Light emanating from other objects 
arourid the luminous cone ABO will also enter the orifice, 
and will diffuse, over the surrounding parts of the wall, rays 
varying in colour according to the nature of the object from 
which they emanate. In other words, the bright spot F will 
be an image of the sun, visible in all patls o^ V\v^ \cj«^\i^ 

28 
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Then, by the above law, A D has alvi-a^'s a fixed ratio toBI^ 
whatever th«* angle of incidence may be. Thus: in certiin 
spetrimens of glass, if we multiply the length of B E by 
l-f>, X\\v product will be the It ng:tli of A D, or if we divide 
the Uih^ih of A D by the same sum, the quotient will be tte 
It-n^li of B K. 

"I^-i. Whin A C coincides with P C, A D vanishes er 
becoiiii-s=0, and hence B £ must also vanish: tberefoif) 
rays timt fall perp^Midicularly upon a refracting surface are 
not refracted at all. If A C approach indefinitely near to 
M (\ it will be refracted to F, making the sine F G : AC 
cir M (' : : 1 : l-r>, or as 2 : 3. When A C coincides with 
M (', the ray ci*ases to be incident, and cannot berefiadfd. 
This quantity, 1-5, is called the index of refraction^ ioi^^ 
prculiar glass above mentioned. 

"iB^. The index of refraction varies with the nature of 
the medium ; but when we know the index for any pa^ 
ticular kind of matter, it is easy to find the direction of 
any incident ray on entering or passing from such a medium. 
The index for atmospheric air is 1-000294- : for water, 1-336; 
for the different kinds of glass, from 1-552 to 2-028; for the 
diamond, 2*139 ; and fur realgar, the most powerful refractor 
now known, 2*019. 

791. The rays of light, on leaving a denser medium, are 
bent from the perjK*ndicuIar, just as strongly as ih^y are bent 
towards the |H*rp( ndicular on entering a denser medium. 

795. Of Total lit fraction. — It has been already stated 
that a quantity of light increasing with the obliquity of the 
incident rays, is reflected even from the surfaces of trans- 
parent bodies (7S5) ; but when rays pass from a rare medium, 
such as the air, into a dense medium, like glass, they may 
fall so obliquely u|)on a second surface of this medium, that 
they cannot again pass out of it, but will be totally reflected 
into its substance, as though the second surface were an 
()j)aque mirror. 

796. Let L M N, Fig. 211, be a regular triangular prism, 
with an index of refraction of 1*5. Then, if A B be a ray 
of light incident upon the side L N at B, it will be bent to- 
wards the perpendicular I K, by refraction, and will take the 
direction R C. But B C falls so obliquely upon the internal 
surface M N, that if it could pass from the prism it would 
be refracted in the direction C D. Any other ray, parallel 
to A H, which could reach M N, would be also refracted in 
the direction C D. Now, in this direction, the ray cannot 
uiuuediately leave the glass j and whenever this is the case. 
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_''tp offer no sensible resistance to the motions of thei heavenly 
' bodies. These pulses, separated from each other by various 
' intervals, like those producing the different musical notes, 

^ were supposed to act upon the nerve of vision as the mu- 

- deal pulses impress the nerve of hearing. 

^ 735. Both these suppositions or hypotheses are surrounded 

- with difficulties, though either of them will enable us to 
arrange and explain the relations of all the optical facts 

' which can be introduced with propriety in the present work ; 

' and the doctrine of radiation being the more easily under- 
stood by beginners, it has been adopted here. 

736. Light is derived from a variety of sources; such as, 
!• the sun, the £xed stars, and articles in a state of combus- 
tion ; which are bodies luminous by their own light : 2. the 
moon, planets, and all other visible substances upon which 
the light of a self-luminous body falls, and ^hich shine by 
reflection. Light is also occasionally derived from chemical 
changes among the particles of certain bodies, called sponta" 
neous phosphoric because the substance called phosphorus 
gives out a faint light in dark places, at moderate tempera^ 
tures, which is generally, though not always, the result of a 
kind of slow combustion. Decayed wood and decaying ani- 
mal or vegetable matter may form phosphori of this cha- 
racter; as is seen in light-wood, old pickle-barrels, and the 
bones of dead animals in certain conditions. The diamond, 
after long exposure to sunshine, flashes brilliantly in the^ 
dark by means of light previously 'absorbed; snow absorbs 
the sun's rays during the day, and renders the night less dark 
by gradually parting with them again when the sun is with- 
drawn : — several artificial* as well as natural combinations of 
matter display this power in a high degree, and are thence 
called solar phosphorL Mere agitation of the particles of 
many substances occasions an elimination of light : thus, the 
friction or the sudden breaking of many crystalline minerals 
gives rise to bright flashes ; as when loaf-sugar is broken in 
a dark place. Li^ht also accompanies many electrical, mag- 
netic, and galvanic experiments, and also many chemical 
changes in the structure of bodies. It is also secreted by 
peculiar organs iH many living animals and plants : thus, cer- 
tain plants — as the marigold, the tuberose, and the nastur- 
tium — sometimes emit flashes from their flowers on a warm, 
quiet, summer evening; the fire-fly secretes light fitfully, 
and the glow-^worm more steadily, near the tail ; a few lan- 
tern-flies will enable one to read by the radiance of their 
beaks. Myriads of soft-bodied animals of tUe ocoui "^^n^N^K/ft 
27* 
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•idet of any body, bc'cause no light incident upon soch bodki 
can ever fall upon the second surface with an obliquity sdii- 
cient to be rftlected and returned again to the first surface. 
•<9S. Rt/raction thnrngh Prisms and Lenses, — After as- 
certaining the index of refraction for any transparent body, 
it is easv to ascertain the direction of any ray of light after 
refraction. Let A B, Fig. 242, be a 
ray of light incident upon a curved 
surface at B : let C be the centre of 
curvature, aad M N a tangent to the 
surface at B, lying in the same plane 
with A B, and C. Raise upon the ^ 
point B, the line B D, perpendicular 
to M N« and also in the same plane. 
Then D B will be perpendicular to the Fig.Stt. 

surface at B, and from it and the sine 
of the angle of incidence A B D, we can find the angle of 
refraction and the course of the ray afler entering the trana- 
parent body, by the method laid down in paragraph 790. 
In a similar manner, we may find the course of any given 
ray in passing out of the curved body into a rarer medium, 
whenever we know the index of refraction and the situation 
of the centre of curvature. If D B be produced, it will 
necessarily pass through C ^ for C B is a radius of the curva- 
ture at B, and all radii are perpendicular to the curvature at 
the point of intersection, and, therefore, to a tangent at 
that point : but, B, C, and D are all in the same plane ^ there- 
fore B C and D C must be in the same straight line. With 
these explanations, you will be able to understand the follow- 
ing rapid sketch of the efiect of prisms and lenses on the 
course of light. 

799. Any transparent body by means of which light may 
be collected, dispersed, or guided to the eye, may be called a 
lens ; though the term is generally confined to bodies with 
curved surfaces. Lenses are usually made of glass or rock 
crystal (quartz). They are of various forms, chiefly the 
following: 1. The prism, seen in section at A, Fig. 243; 
2. The plane lens, B ; 3. The spherical lensy C ; 4. The 
dovhle convex lens, D ; 5. The plano-convex lens, E ; 6. The 
double concave Uns, F; 7. The plano-concave lens,G] 8. 
The meniscuft, H, in which one side is convex and the other 
concave, the radius of curv/iture for the concavity being the 
greater ; 9. The concavo-convex lens, I, like the meniscus, 
except that the radius of curvature for the convexity is the 
greater, A line passing through the middle of any curved 
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has, M thai ila direction is pcrpendicalar to both surfaces; 
as M N, Fig. 213, is calkd the n.ris of the lens. The sphere 
has an intinite number of axes-, for every diameter fulfils the 
definitions. All other curved lenses have but one axis. 

800. If parallel rays of light fall upon a spherical" lena, 
Ihey will convec^e lo a focus after refraction, and this focus 
will be within or without the sphere, according to the index 
of refraction for the substance of which the lena is formed. 
Let M N, Fig. 21.4., 
represent such a lens, m 

andAD,BE,CG, pa- 
rallel rays incident on 
it. B E, falling per- 
pendicularly on the 
surfice at E, will pass 
on along the axis of 

the lena to e, without ^''- ^*- 

refraction. Here it will a^ain fall perpendicularly on the 
surface, and will pass out of the lens without refraction, to- 
wards F and f. But all other parallel rays, such as A D, 
C G, will be bent towards the nxis by refraction on entering 
the iens, because they will be refracted towards the respec-' 
live perpendiculars D H, G H. If the lens be of glass, the 
refracted rays A D and C G will arrive al d and g, and if 
the medium were to continue uniform, they would meet the 
axis at/, which Is very nearly the virtual focus for all 
nntii rays while still remaining within the lens : but the rays 
A D J, C G ^, &c., pass out of the lens at d and g, and are 
therefore refracted from the corresponding perpendiculars 
H 0, H c, and tend still more towards the axis : they thus 
reach and cross at or very near F, which is therefore the 
real focus of the lens for parallel rays. When the rays of 
incident light convergr, it is evident that F must approach 
the lens, lessening the focal distance, H F; but when the 
rays are divergent, F must recede and lengthen the focal 
distance. If the principal focus F be considered as a point 
of divergence for luminous rays, then F rf, F f, Fg' will re- 
present incident rays, and the twice reftartei TO.\a\i K.,"?.^, 
28* 



G C will be psnlM. or, in oCh<?r words thnr IbcoiwiBk 

infir.it*ly distant. I/the pciat ol'ciiTefz^vce beitiiliM«to 
th*- i-:it, lii-r twice ninety '•J* '"AI conttcue dlTeifcoL 

**«j1. Th* er»-at*r the indrx of refnction, th* Drtierlk 
ibcuf will appnnch th? I^r.4. U h^n the index if equtltoS, 
u in Zircon, in- focus will be found ai the for&ce of Ik 
ip^j*-r'- i"3-if. at », and if th*' iD(i»?x be grratrr than two,iiii 
thr cizr.^/ttiL the aiogly rt- fracted rays wiU meet and ens 
each other somewhere between H ami e, withio thespboV' 

^'yl, A dourjie convex lens is usual It formed of eqailpor* 
tions of thr opprjtsite lurfacef of ispberes of the ome liSm 
or curvature : thus, in the sphere M X, Fig. 2W, if too w« 
to r»:mov»- by a v>-rLicaI section, a slice or layer of j^hMfroB 
M to .\, and wrnr then to bring toother the oppoote tf^ 
merits of the sphrr**. you woii'd coovert it into a double coih 
▼ex I'Ti* . hut this wouH not change in any degree tfae 
amount or feature of the first refraction produced apon the 
incid'-nt rays in the figure : for, the angle H D d would tfill 
b" the an:zlp of refraction for the ray AD, and therefore D^ 
would still represent the direction of the refracted ray. Thii 
ray, it is tru»'. would then meet the opposite refracting sin^ 
fac»' at a point a little more distant from the axis B/, ani 
hencp it would fall somowhat more obliquely upon the le- 
cond surface of thp lens : thus ; the angle of the sfcood re- 
fraction, a d F, would bo sufficiently increased to bring the 
ray to the sain** focus as before. 

803. The principal difference, then, between the action 
of a double convex and a spherical lens consists in the latter 
having an infinite number 
of ax«'S, and the former but 
one. The efffct of this cir- 
cumstance will be seen here- 
after. When ravs fall di" 
recti I/, parallel to the axis, 
(R, R, R, Fig. 245), ujjon a 
double convex lens (L, L), 
they ar«» refracted to the 
principal focus of parallel 
rays (P); but if their inci- 
({••nn- be oblique, they will 
bi' refracted to a focus placed at a greater or less distance 
from t[n» former in proportion to the obliquity. 

HOi. All niys falling obliquely upon any lens must be di»- 
toHi-d by refnidion; and when they emerp^e again from the 
l"nN, ibi.ir poHition in space must be modified by the thick- 
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^t REFRACTION THnOtlGH PRISMS AND LENSES. 

^mtWK of Ihe lens ; for, although a ray twice refracted by p 
w^aSng through opposite parallel &ceH of any medium, emerg 
BattLadtrectioD parallel to that of its incidence (788), its Ln», 
M(>f^ direction, when produced backward, will not coincide 
3iWHb its previons course. Thus; if part of a straight niarli^ J 
dnrwn on paper, be viewed through a plate of glass, whita 
the remainder of the mark continues visible beyond the edgf 
of the glass, the mark will appear broken into two detach^ 
fragments, and the distance between the fragmenta will b^ j 
B detennine^ by the thickness of the glass. The same kind (^ J 
^ distortion necessarily occurs when the rays fall on curved t 
^ aurfacea ; but, as allowances for this circumstance are apt to, ^ 
g Atmfuse the mind of the elementary student at first, it is cu»^-,|H 
^■tKnary, in speaking of the theory of lenses, to neglect this • 1 
■6>erra/ion, and consider these instruments as devoid of thick* _J 
^B|Mia^ in mere elementary explanations. 

i805. Bearing this in mind, let L L, Fig. 245, represent a, ^ 
double convex lens. The parallel rays E, E, E, incident ia 
a direction parallel to the axis R F, will be refracted to^ 
focus at F. If the lens be of equal convexity on either side^J 
and C be a point equidistant from all corresponding parts of 
the convex surfaces, this point is called the centre of the 
lens, and the foeal distance C F will be about equal to the 
radius of curvature of either surface, when the lens is of glass, 
with an index of refraction of 1-5. If the parallel rays 
S, S, S, and T, T, T, fall obliquely upon L L, they will be 
refracted to the corresponding foci/and /■', at Ihe same dis- 
tance from tho centre C as in the former case. 

806. This figure shows the power of convex lenses in con- 
centrating light. The sun is so distant from the earth, that 
its rays may be considered as parallel, and when they fall on 
a convex lens, they are all concentrated upon the principal 
focus (782), tcgether with the heat that accompanies them; 
and thus the lens acts as a buroing glass. 

807. In the double convex, as "in the spherical lens, con- 
verging incident rays are brought to a focus nearer to the 
tens than the principal focus and diverging rays to a more 
distant focus. All thai has been said, then, under the head 
of spherical lenses, on the subject of the position of foci, 
whether principal or secondary, real or virtual (800), applies 
equally to the double convex lens. 

808. The plano-convex lens differs from the former chiefly ^ 
in having a focal distance twice as great. <■ 

809. The double concave lens must necessarily produce., 
~ actly contrary to those of the double caiwe's. ^ 
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l^Ts cooc^'tnt<^ panil^i incMkvt rayi to a fixv: thndbn^ 

a doii^)^ coRciv» }«r5 trurt dijfjaae pBraiJei incident im I7 

cux*ir>j :h^T. to ditr^re* frcjtr. a conrsponc&Die rirftc/ fcc» 

L^ L L. Fir. CV" , r-prarat a double ooncmTe 1»: 1,I,S» 

irc»i> Tit paraJI- 1 rajs: ind F C 

•h*» focaJ ditfiDC^ of a double 

coQ%-T l*ni of th* same cur- 

\ a!i:r*. Tb*-n the raTi;. after 

>--ir#r twice refracted, will di- 

"V ^TZ" to r. r, r, and F will be 

the virtual focus of thoee rajs. 

This will explain the reason 

^ by th«r pyezlas of a pair of 

concave sp-ctaci-s, when held in the aanshine, near a vail 

f»r scr^-en, ca&ts tht-reon a deep shadow, nurounded byaTeiy 

bright circle of the refracted rajs. This circle Gt biiglit 

light often inflames the eyelids of those irfao are obliged to 

wf^r such elasses. 

810. Imases formtd by Lemses, — ^After what has been 
said of th<' t'fTects of different lenses on the directi(Hi of the 
rays of light, a single illustration will be sufficient to expbiii 
the nianner in which certain lenses prodnce images of ofajediy 
and may be employ- 
ed to diminish or M 
enlarge their appa- 
rent sizo. Let Al X, 
Fig. 21-7, rf»pros*^nt 
an object placed be- 
hind the double con- 
vex lens L L. It is 
plain that all the 
rays emanating from 
M, in the direction 
of the lens, such as 
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JV! L, M L, M C, will meet in a focus, and cross each olhei 
jit m; and will therefore paint the image of the part of the 
object marked M at this spot. For similar reasons, all the 
rnys passing from N to the lens, will meet and cross at it, 
II nd rays from any intermediate part of the object M N will 
hr concentrated upon a corresponding part of the space m n ; 
whirli will present an inverted image of M N. The focus 
in Pu 1** ^y^ t^manating from M, will be found somfewhere 
«t»« lino of the ray M C m, and the focus n of the rayi 



m-tom N will be found somewhere in the line ol' the ray N C n. 
'be image will Ih^refort? be inverted, and its dimen^oQs in 
ength and breudth will be (o thoie of Ibe object as tb£ di»- 
aiice from C to m n is to the distance from C to M N. Such < 
.eciprocal foci as M and m, or N and n, are called conjugate 
loci, and their respective distances from the' centre C are 
always reciprocally or inversely propgrtional, 

811. The rays meeting a( any spot on the surface of 
the image m n, become divergent after crossing each other, 

~ and spread out in the same inancer that they would do if the 
. image were a Bubstantial ol^ect ; and hence an eye placed at 
a suitable distance beyond m n, will actually see the image 
as if it were a real object suspended in the air. It wiU even 
appear much brighter than M N, because all the light ema- 
nating from the latter towards the eye, except the small por- 
tion absorbed by the lensj will appear to originate from the 
smaller space m n. 

812. The smaller the radius of ctirvalure of the lens, the 
nearer will m n approach the lens, and hence the smaller 
will be the image. Out the larger the lens, the greater will 
be the bnghtness of the image, if the radius of curvature be 
fixed. 

813. A faint twilight image is visible at m, n, from every 
direction, for reasons already explained (784) : but if smoke, 
ground glass, or any other translucent screen be interposed at 
III n, the light diffused therefrom will render the image dis- 
tinctly visible in all directions. 

814. The effect of such a lens in magnifying objects may 
be apparent or real. As the image and the object are alwayi 
found at the conjugate foci (SIO), if m n be an object, M N 
will be its image : — t-hus, the same lens will give an image 
either larger or smaller than the object, according to the 
distance at which the latter is placed. But the apparent 
size of an object is determined by its distance from the eye 
of an observer; and, as the image itself may be employed as 
an object (811), if we approach very near to it, it will appear 
very lai^e. The human eye perceives objects with the 
greatest distinctness at the distance of ^xmt six inches. Let 
us, then, suppose that the focal distance C A, Fig. 347, is 
thirty feet, and that C B is ten feet— M N being an object 
and m n its image. The latter will be diminished to one- 
third the length and breadth of the former, but, to an eye 
placed aiwul six inches from m n, this image will appear about , 
sixty limes longer and broader than it would if placed at the 
distance B A = 30 feet. It will therefore appear twenty t,\ 
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tna: R' ' arm^^r tf tn* niK«c f^*. ▼!>« tieirf 
imni tn Ban^ Tifur*: f>i t?s* con na * ■ . i: » x » :be ofcj*d, 
an( I' tij iinar-. in- icrrr*-?^ -prii i»* KrBkl.T rvmM 

!' A! nv- "Dia-^ WHr c3 :ix2*ff nom the 
^•:i a"nT»'*a' u :»* «nta2sr"r -^' liaws. 
•"Tir. v\iti :. TTinitv*7aif titjut. "»! ixil db* 
; tii»»- . "woiin lorn L mnqv* r?ir*ctiBJ 
la' aRtroi.iniira Tiirn«r>!i»s. v & aKsie cod- 
C'lv- ::.:rr uti:. Iottt s isittiiM' Ts-lffKCinc T^'^eacopp, if H 
\v«-r- r!-r">a"" !T irt* nrw*r^'«^ ir flsanc Sk?wwp the 

f»*»MT" s:i» If: infuc* It Uiif r.afl' . «r a* ir iTtt^^Mr? with the 

j"a« 'w i :;• V IT onj«r- f iirndiirc i:fr\r-h: iras« rf 

•*!• "*!:■ r 'jna: "v- rnniainf t jrnf "vri^ici opmtes lib 
tna* r-nr.^^i.t-i IT Tij. i!«4-T. anc jirndnm ir.Tfried iroi?« 
o •■>:■':. a tniru' nTii>! tn* nari: -nan ca iht ^ve. Thii 
vil ft* rf*'ti*r iiTirt'Tstnof; ny rpH»T"ncr ir Fir- -4^ which 

* ■". '"ir ''V' I- L hollow, jmmfirhfli ffibmcil organ, 
vrr.i'i ri^ V ■ ra membra !T*k. ni "vhich the outer one, S, S, 
J'l;-. L-i^. 1} r^li-L iii' xr'irrotir rociL Ji is ihick« white, tnd 
^TIs:•^ — II f-mi' aniniak. ''Vtr. hnr.v, Tlie optic iH»rve, 0, 
•-iii'Tf i: u»warrtr t?K hark part, an^ spreads out into the deli- 
cai« n»'TTir»raTi' rali^-ci tb^' rrrr«r. which lines the fi:realff 
jiart '»:' *i»* isri-niir nat. and if pn>t<"cted by othor mem- 

bruTi-; V !ii:i. i c n:«! r»f ZDentionod here. Tlie sclerotic 

ciat n vaTiiiic at ihf front part of the eye, and its place is 
«iijijili''d hy h slirhtlr proftrading tranqnreiit cap of bom, 
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« rtlli'il Uiii vornra. 'J'lii' cavity of the eye is full of tranipa- 

II* n '****"*'**^^>">ii(< ^^^'^i containing an equally transparent 

UliI imlltHi tho aquvoua and vitreous humours. It is pti^ 
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fcially divided into two chambers, a and Py by a circular cur- 
tain, 1 1, of many colours, called the irisy which is deficient 
or forms a ,4x>und hole a^ its centre, towards a, called the 
pupil, through which light is admitted to the back part of 
the organ. Immediately behind the pupil is a hard, horny, 
very transparent double convex lens, L. With this explana- 
\ tion, and a reference to Fig. 247, you will perceive how in- 
verted images of visible. objects are formed on the back part 
of the eye. This mechanism is essentially the same with 
that of the common camera obscvra. 

818. The nearer an object approaches towards the eye, 
the farther off from the lens will be the spot where its 
image could be formed by the rays which emanate from it ; 
and hence the e3re requires and possesses a capacity of spon- 
taneous adaptation to different focal distances; so that the 
innage may always fall exactly on the back of the posterior 
chamber. This is effected in great degree by the pressure of 
certain muscles which surround the organ ; and which ren- 
der the cornea more or less projecting, or vary, slightly, the 
position of the lens. Persons with good sight can adapt the 
eye to all focal distances, from that fitted for observing the 
fixed stars, to that required for clear vision at the distance of 
six inches. Short-sighted persons have the cornea too pro- 
tuberant, so as to refract the rays too much before they reach 
the lens, and thus cause the image to be formed before the 
light reaches the back of the eye. In old age, on the con- 
trary, the cornea becomes flattened too much, the rays are 
not sufficiently refracted before reaching the leus, and the 
light fells on the back of the eye before the image is formed. 
These defects are tolerably well corrected by the use of 
concave spectacles for short-lighted people, and convex 
glasses for the aged. 

819. The great divergence of the rays emanating from 
objects placed at the distance of less than six inches from 
the eye, — which removes their conjugate focus entirely be- 
yond the retina — alone prevents us from seeing such objects 
distinctly. 

820. If, then, we can so bend the diverging rays from 
such an object, as to cause them to enter the eye in parallel 
directions, we can examine it even at the distance of the 
tenth part of an inch. Now, this may be done by placing 
the object in. the principal focus of a convex lens: for then 
all the rays passing from any spot on the object through the 
lens to the eye will be parallel (800), and the object will then 
be seen as bodies are seen at an immense distance^ but oC \Scl^ 
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ir- .»>■»«»-"«. ■■-■=■ »* a '''^ 'A-fioie object were witbin^ 

:— -vr-. ■» '. u is case, the object "K"- 3 

I'M'^-^t'tuii -I -ix inches to the focL -- 

• • * f . 1 1 1 f I- >/ oil f-t e 11 1 h of an i::c":. -^ 

. ■:& - .>tu :iiiiependently to exanit 

• :Msj!uiv ■. ne linage of a neishboonis 

•-injiij-i' iijj, "^ff two lenses form »«■■ 

^ ^i''*« '^ iseii to maOTify the inas? 

iui«^a \ :ie .'jiis or ohfect-glau d i 

- ■».» , r.'Sfs lonn the axtronoadcd 

,'pii-'i; *n ri^t* uprijrht image inthe 

*'■* . '!** -irv-^ !'.'risfs form a ^Tffh 

.,-, . '.-. 'V'hfji -.ipplit'd to the iinag? 

■t..tL... V icviicave mirror (SI. ''Ijtb 

'..c€- 'i; . ' t AC! '/'r .• and if used to 

>t^- • i .11 vjfct formed by aeon- 

. C' - *•-' — .ii«^ i p [jarat us becomes a re- 

■ '"'> --uMrvi 'viil ..v made clearer by 

•- .i\>."i i ii til through the foUow- 

i' ■• . i-^cllis -III istruiioiriical telescope, 

-., u'.^.N. » ">, > I !eus with a long focal 

;t: /t-c((ii», lus L <hort focal distaoce. 
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. : > .;;..•. a * - u r»r >t 1 1 c a ' » f a V eni V '^od v, and the 

a;sj. > ■ .. _ .». •^^». ; I : . iLv, J ■..veiuue iinnecefisarv li?ht, 

i. t,> . ■!> irLi 'M:l >■ 'U •■f rracii'd -IS lo produce 

i. :.d-L.- ■ ". iif ■■.'fiiiiijaLo focus within the 
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iv> ■■'»;■ n.u\i'iiiv jouies n:ay 

^*i.i..i. 1, ..lu lit If :.;!■»:? .iit'ii* cotijutrate focus 

. .....N ■ .. ^ .■ II ::t -Mr.iCipai "ociis >f A B. The 

-_,!>.>•, ". ' ■■■ ■!t',-^., 'ui is ■•ni L!i.rai ibcus 'Joiiicid'-'S 

*,,.i ;. tiv;.'. .1 'u li.u^e '» '. u*u 'iuTttl-r^ ail *he 

ji>s ina-iaiiM- "'Jill ■;'^ :!:.Ji:e o \b.is \cis Miu'nr^« fr»jm it 

ni udiailt'i iuu-j -^'J*'*. :nu 'r^mih '.he .'Ve at C, in the man- 

iiei* of a Miiipu' iiiLivscope acuiii: upon the imaa:e. 

^^2. Kiaj. -JoO represents i terrestrial telescope, or spy- 



; A B, the object-^lass, being fiied at the extremity of 

le, and the other lenses being secured in another sniatier 

, sliding freely within the opposite estremlty of the 

_; one; so that CD, E F, and G H, are kept constantly 

n the same relative position, but may be made to approach 

JowfoAt, and recede from, the object-glass, at pleasure. 

823. This instrument operates like the astronomical tele»- 
* cope as far as the point L, where an eye would receive an 

inverted image of the object, as in Fig. 24.9 : but as M N, m 
this case, is placed at a moderate distance from the object- 
glass, the rays received from it are divergent rays, and their 
conjugate focus, at which the image m' n' is placed, must vary 
with the distance of the object. In order to use the instru- 
ment for objects at any given distance, the three remaining 
Jensea, with their tubes, most be made lo slide back or forth 
along the larger tube, until the image m n is placed exactly 
in the principal focus of C D, when the eye at E will obtaia 
a clear view of the object, in the following manner. The 
parallel rays from C D are received by E F, and are so re- 
fracted as to find their foci at m'n', where they form another 
and an upright image of M N, which is magnified and trans- 
mitted to the eye at E, in parallel rays, by the eye-glass, 
G H. 

824. Reflecting telescopes are formed in various ways. Fig. 
251 represents that of Newton. In this instrument, the ap- 




Fntrcntly parallel rays from the heavenly body, M N, are re- 
eeived into a tube, and fall upon a concave mirror, A B, the 
■ cipal focus of which is at n m. Were V\veie -atiivvwt ^.'i 



arreit the rays converging from the mirror, they would fom 
an inverted picture, or image, of the heavens at n « ; 1»^ 
they art arretted by another very small concave mirror C, 
D, which is placed so as to reflect them to a focus at n's') 
where they form an image. This image is in the focus of an 
eyeglass at £, which magnifies it, and renders the visual raji 
parallel, as in the other instruments. 

825. Spherical Aberration. — It has been already men- 
tioned that the foci of mirrors with spherical surfaces are vA 
true foci. This results from the form of the surface, and the 
equality of the angles of incidence and reflection (775). 
But the surfaces of most lenses are also spherical, aiul ^ 
sines of the angles of incidence and reflection have always i 
fixed ratio (790). Therefore the rays which fall upon the 
surface of a common lens are not all refracted to a true focus. 
The variation in the foci of different rajs is called their sphe- 
rical aberration. 

826. Let L L, Fig. 252, represent a plano-convex lens, of 
which A F is the axis. The parallel incident rays, R L) 
R L, near the edge of the lens, will be refracted to a focus at 
fy while the similar rays, R' L', R' L% adjoining the axis, 
will be refracted to a focus at F. If, then, the light be a^ 
rested by a screen at F, the foci of the successive circles of 
rays from the centre to the edge of the lens will extend along 
the line/ F, which therefore measures the longitvdinal spht- 
rical aberration : and the circles of rays incident upon Ta^ 
rious parts of the lens, after crossing each other at their re- 
spective foci, will spread and illuminate the whole space, 
/ G H ; so that the line G H measures the lateral spherical 
aberration. Hence the light about the foci of spherically 
convex lenses is confused, and cannot form perfectly corred 
images. The appearance of the image of the sun projected 




Fig. 252. 




by the lens L L is seen in Fig. 253, where the central part 
about F is strongly illuminated, but is surrounded by a halo 
of scattered rays as far as the circle G H. 

827. Lenses with different degrees of curvature produce 
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IB degrees of spherical aberration ; and by choosing the 
t form, and rendering the lens very fhin, or by using the 
fctral pari only, we obtain figures sufficiently accurate for 
most practical purposes. 

828. You observe in Fig. 252, that the rays towards the 
circumference of a lens having one or both surfaces spherical, 
are too strongly refracted to assist in forming a correct image 
at F. If, then, we could form such a lens of a substanca, 
graduallj' decreasing in density from the centre towards the' 
edge, in due proportion to the increasing obliquity of tlw 
surface, such a lens would have no spherical aberratioi'J 
This cannot be done by art ; hut the lens of the buman eytif 
is actually constructed on this principle. |* 

CHROMATICS, OR THE UBCOMPOeiTlON OF LIGHT. ' 

829. Chromatics is a subdivision of optics which treats of' 
the formation of colours. It is, perhaps, rather a branch of' 
Chemistry than of Natural Philosophy, but it produces phe^ 
nomena which compel us to notice it in works on the lattw 
science. '1 

830. Of Ike Specfrum.~Hilherto we have spoken of iight^ 
as if it were a simple subalance, and its particles simple' 
atoms; but we must now take it to pieces, and show tbatltn^ 
particles are molecules composed of Inany atoms ; or othepi^ 
wise, that it Is a mixture of several different fluids, rather^ 
than a simple one. 




831. Let S, Fig, 254, represent a small beam of sunshinft' 
passing through a hole, H, in a shutter, E F, 
room, in such a direction that, if continued, it would pursue 

t.flle route, S P. Let this beam be received upon the face, 
JC A, of a transparent triangular prism, B A C, at such an 
:^iig]e as will cause it to emerge after two refractions, at g, 
^' the direction g G. We should then expett Ut «% a. tw»M 
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ipGl of funhiDe of the ordiDarv colour, projected by tke 
beam upoD a white icreen at M N : but this is not the cue. 
Ad obloDg narrow imaee of the sun will be seen, stretchiog 
all the way from K to L : and this image will present the eye 
with seven ditTrreot colours, appearing in the order printed 
b(='hind the screen, beginning with red light, which, being 
If SB refracted, forms the bottom of the image, and tenniiMtiDg 
with violtrt light, which, being most strongly refracted, 
forms its summit. This image is called the solar gpectn** 
Beams of other kinds of mixed light also present such sjiednl 
images, Tar}'ing in colour with the colour of the beam itietf; 
but if a round hole be made in the screen opposite the mid- 
dle portion of either of the spectral colours, so as to allow nyi 
of that colour only to pass into another dark space, those raysj 
if transmitted through another prism, ^'ill be afiected in i 
manner consistent with the common laws of refraction, and 
if received upon a screen, will produce a round spot of the 
same colour. 

832. According to the hypothesis of radiation, these fids 
go to show that common, or white light, is composed of 
various raj's, capable of producing different sensations oi co- 
lour, and hence, that it is heterogeneous, or composed of 8e- 
vertl kinds of light ; having different degrees of refrangili- 
lity. White light, when thus decomposed, appears to contain 
seven kinds of luminous rays of homogeneous light, or light 
incapable of further decomposition, having increasing degrees 
of refrangibility, in the following order: 1, the red j 2, the 
orange j 3, the j'ellow ; 4, the green ; 5, the blue ; 6, the 
indigo ; and 7, the violet. 

833. In the solar spectrum these colours so overlap, that it 
is difficult to determine where one ends and another begins ; 
and the illuminating power of the various colours differs very 
greatly. It decreases gradually from the middle of the yet 
low, where it is brightest, to the extremity of the red in one 
direction, where it is faint, and in the other direction, to the 
extremity of the violet, where it is extremely faint. The 
spaces occupied by the different colours also vary. Newton 
taught that each of these coloured pencils of rays constitutes 
a distinct kind of homogeneous light ; but others reduce the 
number of simple colours to three; because, according to 
l)rt>wst(T, even the red colour contains some yellow and 
H truce of blue ; the orange can be produced by mixing the 
yHlow and red with a very little blue ; the yellow con- 
tiiinii tt little red and a little blue; the green seems to be 
^nmlly u mixture of yellow and blue, with a very little redj 
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'• the blue, so called, appears to contain Bome yellow i 
trace of red ; the indigo is judged to be a blue, with less yeU •< 
low, and scarcely a trace of red. If you could spread the " 
red light of the spectrum 
over the blank space mark- 
ed^R, Fig. 255, from M to 

I N J yellow light, overlap- 

I ping the former through- 

I oul the space marked Y; 
and blue light, over the 
opace B, oTerlapping both 
(he former; and if you Pig.sss. 1 

could then concentrate all 'I 

these lights on the oblong shaded apace below M N, you ' 
would have precisely the arrangement of colours represented 
in Fig. 254. If all the light of the spectrum be collected, t I 
and made to (all upon one spot, sunshine is reproduced. ' 

834i. This decomposition and recomposition takes place ' 
whenever an oblique beam of light passes through any trans- • 
parent body ; for the separation of the colours begins al the ' | 
first refracting surface, and would continue after the second ' 
refraction, were it not that, if the surfaces are parallel, the 
two refractions are equal and in opposite directions (788), • 
and thus destroy each other's effect. In order, then, that ■" I 
light should be permanently decomposed by a refracting H J 
body, the surfaces must be placed obliquely towards each * 
other. Vou will now understand why glass and gems, cut 
into figures with many faces, present iridescent or rainbow- 
coloured images of objects seen through them. ' 

835. Light appears to be attended by, or united with cer- ■ 
tain invisible rays. These rays are also subject to various f | 
degrees of refraction. They suem to be of two kinds: I, 
calorific or heating rays, which are unequally diffused through- - 
out the spectrum, and are even found beyond it, at its red ' 
extremity : 2, chemical rays, which extend even beyond the 
violet extremity. The latter produces those changes in the ' 
colour or nature of animate and inanimate substances which ' 
are effected by exposure to light. To these, some writers 
add magnetic rays; but their existence is doubtful. 

836. As the rays of light which fall upon different parts ■ 
of a spectrum have different indices of refraction, it foUows ■ 
that no common lens can produce an accurately-coloured i 
image of any object ; for the violet rays composing part of . 
every pencil of light, being more refrangible than the red 
rays in the same pencil, will come to a foc«aat,a.vs\i*-^wis«t. ' 
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ftgrr. if i^ Hxii ■af ti* 
eooTtz i-^:^ '» T«<«iT«c T^^cc m v^tt- ktms ptead h 
the tMu •»' -^« f^^sBr ^^ crcTKTiac isn viB podni 
naod TTii:* ipcc «i7Tna3ded H* x t^ ciicfe. I&e ■ pa* 
bn, bu: if recei^^ iipoc i kt?if3 pfaced b«7vdtbefit4 I 
tit* di'ftcinz nji wii: vnMiwne a mead ipot. hhimU I 
br « Tiolrt circle : beosv, wfaile caarnviar. Ae ka «■ I 
ffuKib}- f^ i«w fccTH thf (xitBie rf the coof, b 
cro»3Z ai tfa° facn, tb? i:nre T^&xneiblc noM i^t^ 
lb« tr.'-r.-'r positiaa. Otrooaiic abciMUoo pm 
wii bf f MKagEi in the comtnxtioD of optical iiatniBMti: 
bat ance it tw heen dHCorered tbat diArrat kuMfaof nrflR 
haTiDz Ib^ mn? arva index at rvfiactioD Ji^prrtt Iht n- 
rioui coloured nn thraoKh diftrent dutaacei; it hat ben 
foucd poKible IQ cooitnict ccmpound ttttaea c wHjKB ed rf 
(uch puti that the ditprrnwt powrr of ooe put cospen^H 
that <^ the other, sod brin^ nj« of all cokiun to the nae 
foctu. Lenses of this kind are called irrti imnfn Unmt. 

83^. The rainbow U a chromatic phencNneDoa, «efi only 
when the li^hl of the no or moon (ren- imrelv the litler) 
lalla oa di*«cendin; rain or iptaj, in nch a maimer u to it- 
fleet nyi decompoKtl by refraction to the eye of an obwrrer 
ftandiog with hii back to the source of li^t. 

839. Two rainbows are often leen al the same moment — 
the one enclosing the other. Let these be represented by tbe 
dotted lines in Fig. 256. Let K R, &:c., be parallel nys of 
sunlight falhng upon the descending raindropi E, F, G, H. 
The two lowermost rajs will be refracted by the drops f^ F, 
and, striking upon the 
posterior portions of 
these spheres, will be 
partly reflected, and 
striking obliquely up- 
on the lower surface 
of the drops, will be 
^ain refracted — the 
n^I or least refrangi- 
lili! rayn in the dlrec- • 
li'iii fmmKtoCand 
Nil- violi'l or most nv _, ~ 

'V'.hKiM..rnys,inthe ^* "^ 

""f"nl,..n (h,.,, B to O, «, as to reach the eye of an obserrer 
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d at O. Heacp, a spectrum haviog all the seven pri»- 
natic colours, will be Been stretching from F to E; " 
M rays being undermost. 

840, As the form of this spectrum depends upon the angle 
nf incidence of the while aun or moonlight upon the surfaces 
of innumerable spheres, and as spherical lenses have an infi- 
nity of axes, the light will reach the eye in the same manner 
from all parts of a circle of drops at equal angular distances 
from the point directly opposite the sun; and hence the 

, speclnim has the form of a bow resting at either extremity 
' OD the earth ; and it would appear as a complete circle, were 
', H not that the earth arrests the drops that should render it 
', complete. Entire raiabows are frequently seen in the spray 
of water-falls, where we can look directly from the sun upon 
an entire circle of drops at a proper angular distance from 
[ ths central point. 

841. A rainbow formed by two refractions and one reflec- 
tion, is called a primary rainbow. A second bow may be 
formed by two retleclions and two refractions. Thus; the 
rays incident upon the drops G and H, Fig. 256, towards the 
lower parts of these spheres, are so refracted as to cause a 
small portion of the light to be twice reflected within the drop, 
as represented in the figure, and finally, to emerge in such 
a direction as to reach the eye ; but the twice refracled rays 
here cross the corresponding incident rays; so (hat that 
which is most refracted — the violet — reaches the eye from 
the uppermost drop, and that which is least refracted, from 
the lowermost; the colours of this spectrum are therefore 
reversed. This is called the secondary rainbow. It is twice 
as broad as the primary, but much fainter; because the greater 
pari of the incident light escapes at each reflection within 
the drop. 

DOUBI.BHEPRACrnoN AND POLARIZATION. 

Si2. These subjects constitute two of the most curious 
branches of optical study, but Ihey are loo difficult of expln- 
oalion and study to be treated of in this little work, and we 
must be contented, at present, with little more than defini- 
tions of the terms, so that you may comprehend their mean-a 
ing when met with in other works. 

84>3. Double Rrfraelion. — Hitherto, in treating of diop- 
tric phenomena, we have spoken only of the passage of light 
through media of which the structure or the arrangement of 
particles is similar in every part, and in all directions, Ot 
this class are the gases, fluids, glaw alowX^ aui ■te'jjiaA'j 
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cooled, crystals whose primitive fonns are the cube, the re- 
gular octahedron ' or the rhomboidal dodecahedron^ Under 
all ordinary circumstances, if of uniform or regular density, 
such bodies reflect' and refract light according to the laws 
already explained. But by almost all other bodies — such as 
transparent animal or vegetable substances, crystals having 
other primitive forms than those already . mentioned, glass 
irregularly cooled, &c., — a single pencil of incident light is 
always divided into two detached pencils forming, an sm^le 
with each other which varies with the nature and condition 
of the substance. This angle is sometimes great atid at 
others invisibly small, so as to be detected only by certain 
changes which the division impresses on the transmitted 
ligbt. 

844*. Procure a rhomb of Iceland spar, smooth, clear, and 
at least an inch in length, Fig. 257. Place it over a black 
line M N, drawn on pa- 
per, as in the figure. Then, 
on looking upon the upper 
surface of the rhomb, in 
the direction R r, we may 
probably see the line dou- 
bled or separated into two 
lines, M N and m n. If 
not — turn the rhomb slow- 
ly round, keeping the 
same side constantly ap- 
plied to the paper, and the Fig, 257. 
line will soon appear se- 
parated into two ; one of which remains stationary, while the 
other recedes from it during the first fourth of a revolution, 
and returns to it on the completion of half a revolution. On 
the completion of an entire revolution, the same appearances 
will be produced on the opposite side of the stationary line 
M N. If a round dot be fprmed at O, instead of a line, we 
shall see two dots instead of one, as at and E ; and while 
O remains stationary, E will appear to revolve in a circle 
around itj when the crystal is turned as before. 
' 845. To explain this, let R r represent a pencil of light in- 
cident at r. It will be refracted by the surface into the two 
pencils r O and r E, which, being again refracted at the se- 
cond surface, will severally take the directions O o and E e, 
parallel to each other and to the incident ray R r. The ray 
R r has therefore been doubly refracted by the first sur&ce. 
846. Polarization oflAghU-^i is found that when a peib- 
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dl of light has been doubly refracted, each of the two result- 
ing pencils has acquired certain peculiar properties. Thus ; 
when light in its ordinary istate falls obliquely upon a trans- 
parent body, it is always refracted ; but light that has been 
doubly refracted, when it falls upon a transparent body with 
a certain degree of obliquity, is wholly refleetedy as if its 
particles were long and narrow, so as to enter easily in 
some positions, and not in others. Moreover, the properties of 
the two pencils formed by double refracticm are apparently op- 
posite to each other in character, so that one may be reflected 
under the same circumstances in which the other will be re- 
fracted. These, and a host of other interesting phenomena 
of a kindred nature, have led to the hyjx>the8is that the rays 
of light are composed of atoms possessing opposite polarity, 
and that each molecule is composed of two atoms adhering 
together, like two magnets having their opposite poles placed 
near together. These polarized atoms are supposed to be 
separated by double refractions. 



CHAPTER IX. 

ELECTRICITY. 

847. When certain substances, such as glass or resin, are 
rubbed with certain other substances, such as silk or fur, 
they are found to attract or repel light bodies at sensible dis- 
tances. If a glass tube be rubbed with dry flannel, it will 
attract particles of dust, small pieces of paper, or a suspends 
ed thread placed near it ; and these things will either adhere 
for a time, or they will fly off with force after momentary 
contact. - . ' 

84<8. Substances which display this power, on being sub- 
jected to friction, are termed electrics; and those which, un- 
der ordinary circumstances, do not, non-electrics. These, 
however, are relative terms; for no known substance is either 
a perfect electric or a perfect nonelectric. 

849. The agent producing these, attractions and repulsions 
forms no material part of the body which displays them ; for 
it may be detached and conveyed from place to place, with- 
out losing its properties ; yet it. is imponderable. It is called 
electricity y and was proved to be identical with lightning by 
Dr. Franklin, who drew it from the clouds by means of a 



358 BLECTRICITT. 

kite and string* Whijie the string was diy^ no ngns of eleo- 
tricity were seen ; but when wet with rain, sparks of light- 
ning, like those drawn from the ear of a cat when strewed by 
the hand, were seen to pass irom an iron key to the doctor's 
knuckle when presented near it. These, sparks were attend- 
ed by a snapping noise, which was really mimic thunder on 
a very small scale. 

850. This experiment shows that some things, such as dry 
cord, are nonrconducton or bad conductors of electricity ; 
while others, such as wet cord and iron, are conductors of 
this agent. But neither the conducting nor the non-conduct- 
ing power has ever been found perfect in any substance. It 
has been found that all electrics are non-conductors, and all 
non-electrics are conductors of electricity. Electric or non- 
conducting bodies adhere when attracted in the manner de- 
scribed in paragraph 847; but non-electric or conducting 
bodies are repelled after momentary contact. 

851. Certain instruments are contrived for the purpose of 
detecting the presence of electricity, and others, for measur- 
ing its attractive and repulsive force : the former instruments 
are sometimes called electroscopes^ and both are included un- 
der the general term electrometers. 

852. A ball of pith, which is a conductor, suspended by a 
fine silk fibre, which is a non-conductor and is therefore said 
to insulate the pith, forms the simplest of electrometers. 
When presented to a body excited or charged with electri- 
city, the pith-ball is attracted, receives a portion of the agent 
by its conducting power, and is then instantly repelled: 
thus proving that while electricity attracts other bodies, it 
repels its own molecules with force sufficient to drive asun- 
der ponderable bodies when in the same electrical condition. 

853. The ball of the common pith-ball electrometer is 
usually suspended by means of a stiff thread of shell-lac from 
one extremity of a rod of glass, resin, or some other non-con- 
ductor, on the other extremity of which there is a conduct- 
ing cap, usually of metal, with which the pith-ball hangs in 
contact. If this metallic cap be placed in contact with any 
body charged with electricity, both cap and ball will receive 
their share of the charge, and will repel each other. The 
degree of the repulsion is proportional to the intensity of the 
charge,, and is measured by means of a scale marked on a 
quadrant of ivory (also a non-conducter), which is secured 
to the insulating rod; and the instrument then acts in a 
manner resembling the bent lever balance. Fig. 131 (p. 149). 

$54. If a piece of resin and another of glass be each excited 



DIFFUSION OF ELECTRIC FLUID, 

bj a piece of fur, either will attract, charge, and then rejiel 
Ihe ball of the simple electrometer ; but wheii charged by the 
resJQ, the ball wUI be attracted with uausual force by the 
• '\cited glass, and when cha.rged by the glass It will be sitni- 
larly attracted by the excited reain. This clearly shows, that 
u'heo excited by friction with the same substance, the glass 
and the resin are brought into opposite electrical states or 
iiinditious. This may be etill more clearly 

sbown by means of the gold-leaf electrome- 

ter, Fig. 258, consisting of a glass tube, with 
a metallic or other conducting base. A, from 

' which two narrow slips of gold-leaf or tin- 

' foil, B, B, run up the inside of the lube to 
tome distance, being secured to the glass by 
liaste. This tube is surmounted by a metallic 
cap, and from within its centre,depend two 
narrow slips of gotd-leaf, D, D, placed side 
by side when unelectrified, aud opposite lo 
the Blrips,B, B. U|K>nthe cap, is placed ano- 
ther metallic disc, E, callecf a condensing- Fit' aja. 
pla'e, designed lo receive electricity, and 
communicate it to the dependi^nt leaves of gold, which, with 
the cap and condenaing-plate, are insulated by the glass. 

855. It Ie easy to take away a portion of the electricity 
from any part of an electrified body by the IbUowing means i 
Take a small piece of gih pap?r, or other light, flat, conduct- 
ing substance, and secure it upon one end of a needle of. 
shell-lac, which is perhaps the best of non-conductors. On 
touching an electrified or eJcctrizfd body at any part of ith 
surface with Ihie jiroof -plane, the proof-plane will receive a^ 
charge of electricity, equal In intensity to that of ihe body at, 
the point of contact, which cannot be carried off from it bj 
the non-conducting needle, and therefore remains upon it, 
when it is removed. With a proof-plane thus chatted, touch 
Ihe con den sing-plate, E, Fig. 258, and the gold leaves will, 
instantly separate, becauBe the electricity of the plane will, 
bi.' dispersed over the whole of the insulated plate, the cap. 
and leaves;beyond which it is prevented from escaping, by 
the non-conducting tube of glass on which they rest. If, 
however, the proof-plane be large, and the charge of const-, 
derable intensity, the ri'pidsion of the similarly electrified- 
li'avps, together with the attraction of each leaf for the cor-, 
responding unelectrified slips of metal, B,,B,' will cause the., 
leaves to diverge until they touch the slips; when, instant- 
ly, the electricity will be diffused through the i\\e'.i\\!\cW«iie, 
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11 call(*i1 the ttriking distance ; and it is moch greater oat 
the extremitii's of a Long insulated conductor than intbe 
neicrhboiirh'jod of its centre. This fact can be tested bycbaig- 
\Xi'^ a proof- plane successively from difierent ports of auj 
conilurtor, and ascertaining the corresponding iDteDsitiesoi 
the iluid by means of the electrometer. Here you hive I 
com pli'te explanation of the influence of the lightning-rod u 
prot<'ctinor buildincrs. When electricity escapes from a point- 
ed projection, it steals off very rapidly, without noise oriitb 
a sh|;ht hissing sound, and reaches bodies at a great dutance. 

8()2. When any two different substances are rubbed toge- 
ther, or even placed in contact, their electric condition is 
usually changed from the natural state. If either or both of 
the substances have conducting power, and be insulated, 
it maybe shown that the natural electricity of these sab- 
stances is decomposed by the mere proxinuty of different 
kinds of matter : but this will be better understood afler yoa 
are made acquainted with the doctrine of electrical tnivo' 
/to/I. 

863. When any insulated conducting body in the natural 
electrical condition is brought near another body in a different 
electric state, the fluid natural to the former is decomposed 
by their mutual re-action, to an extent proportional to tbeir 
difference of condition. 

864.. Let A, Fig. 259, be a 
conductor, insulated upon a 
glass rod and highly charged 
with positive electricity ; and 
let B be a moveable long con- 
ductor of the same material, 
insulated in a similar manner 
and surmounted by a number 
of detached strings carrying at each extremity a ball of pith, 
to serve as so many electrometers. If B be placed a little 
beyond the striking distance of A, aU the pith^balls will di* 
verge, except one pair placed near the middle of B ; thus 
showing that B is electrified throughout, except at one place 
near the middle. The divergence of the pith-balls will be 
greater as they are placed nearer to either extremity of B. 
To prove that these results are not a consequence of the paft- 
sago of any electricity from A to B, let a non-conducting 
plate be placed near these conductors, and the same effects 
M'ill still appear. If we now test the nature of the electri- 
city of B, at the extremity next to A, by means of a proof- 
plane and a gold-leaf electrometer, Fig. 258, we shall find that 
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'skkeres of any conducting substance, each insulated upon a 
I .dii-conducting handle, and made to fit exactly to the surface 
r f a metallic or other conducting sphere. Then insulate the 
=?(i(iere and electrify it. On applying the two unelectrified 
Jimispherical caps for a moment, and" then removing them, 
:ke electrometer will show that all the electricity has left 
• He 8j>here, and is concentrated on the surface of the hemi- 
' ipheres. 

,•■• 659. If a small holel)e bored in a conducting body, and 
]the*body be then slightly charged with electricity, the proof* 
plane carefully introduced into the orifice will display no 
signs of the= presence of electricity wften applied to the con- 
denstng-plate of the electrometer ; but when the proof-plan^ 
touches any part of the external surface of the electrified 
conductor, it instantly acquires a charge, and will cause the 
leaves of the electrometer to diverge. " 
- ' 860. The only bodies over which electricity can diffuse 
itself uniformly, are those of spherical for-m ; because this is 
the only figure upon which molecules, mutually repelling 
each other can remain at rest in the form of a layer of uni- 
form thickness. In an elongated, or angular body, the re* 
pulsion of the fluid adhering to the middle portions of the 
surface of the mass cannot be effectually resisted by the repul- 
sion of the fluid on the more projecting portions, except by 
an. accumulation of molecules about those parts. Now, the 
only reason why the electricity does not escape from a 
chsu*ged body, when placed upon a non-(^onducting support, 
ivhile it is surrounded by the atmosphere, is this : air is an 
electric, or non-conductor ; and hence the electricity cannot 
escape rapidly, until it has sufficient intensity to overcome 
by its repulsion the resistance of this barrier. In a vacuum, 
electricity cannot be retained. The tendency to escape must 
therefore be greater upon the prominent parts of a conductor 
than in other places ; and if the electrified body be furnished 
with a very sharp projection, like the point of a lightning- 
roi\y the tendency may be increased almost without limit. 
This is equally the case, whether the electricity be positive 
or negative. Hence the presence of a pointed projection 
renders it impossible to charge a body With any considerable 
amount of the fluid. 

861. When electriciiy escapes from one charged conductor 
to another not in contact with it, and if this escape take place 
from a rounded or flat surface, a considerable quantity of fluid 
bursts through the air at once, producing a spark and a re- 
port. The distance through whJch any suatW \ft ^Wte \ft ^wa 
31 
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11 called the striking distance ; and it is much greater near 
the extremities of a long insulated conductor than in the 
neighbourhood of its centre. This fact can be tested by charg- 
ing a proof-plane successively from different parts of any 
conductor, and ascertaining the corresponding intensities of 
the fluid by means of the electrometer. Here you have a 
complete explanation of the influence of the lightning-rod in 
protecting buildings. When electricity escapes from a point- 
ed projection, it ste^s off very rapidly, without noise or with 
a slight hissing sound, and reaches bodies at a great distance. 

862. When any two different substances are rubbed toge- 
ther, or even placed in contact, their electric condition is 
usually changed from the natural state. . If eithet otr both of 
the substances have conducting power, and be insulated, 
it may be shown that the natural electricity of these sub- 
stances is decomposed by the mere proximity of different 
kinds 9f matter : but this will be better understood af^er you 
are made acquainted with the doctrine of electrical induc' 
tion. 

863. When any insulated conducting body in the natural 
electrical condition is brought near another body in a different 
electric state, the fluid natural to the former is decomposed 
by their mutual re-action, to an extent proportional to their 
difference of condition. 

864. Let A, Fig. 259, be a 
conductor, insulated upon a 
glass rod and highly charged 
with positive electricity ; and 
let B be a moveable long con- 
ductor of the same material, 
insulated in a similur manner p^g. g^. 
and surmounted by a number 

of detached strings carrying at each extremity a ball of pith, 
to serve as so many electrometers. If B be placed a little 
beyond the striking distance of A, aU the pith^balls will di- 
verge, except one pair placed near the middle of B ; thus 
showing that B is electrified throughout, except at one place 
near the middle. The divergence of the pith-balls will be 
greater as they are placed nearer to either extremity of B. 
To prove that these results are, not a consequence of the pas- 
sage of any electricity from A to B, let a non-conducting 
plate be placed near these conductors, and the same effects 
will still appear. If we now test the nature of the electri- 
city of B, at the extremity next to A, by means of a proof- 
plane and a gold-leaf electrometer, Fig. 258, we shall find that 
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the electricity of this extremity is negative; but if the elec- 
tricity of the'opposite extremity of B be tested in the samo' 
manner, it will be found to be positive, like that of the con- I 
ductor A. If we apply the proof-plane near the centre of | 
B, it will produce no sensible effect upon the gold leaves ; 
showing that this part of the conductor remains in the natu- 
ral stale. 

865. Remove the conductor B to a distance from A, and 
all the balls will collapse ; thus proving that B has received 
no additional electricity, but lias merely suffered a disturb- 
ance of its natural quantity by being brought near the 
charged body A. 

866. Replace B, and the effects will reappear. Then 
bring the finger (the human body being a conductor) within 
striking distance of the positively electrified estremiiy of B. 
A spark of positive electricity will then be drawn off, and 
the divergence of all the pith-balls will be very much dimi- 
nished, if B be then once more removed (o a distance from 
A, it will be found negatively electrified throughout. 

867. But if B be brought completely into contact with A^ 
the electric charge of the latter will be proportionally dis- 
tributed over both conductors, and they will both display the 
same kind of electricity as if the two conductors were one 
at every point. 

868. Were we to test the electric condition of the chafed 
conductor A, when B, in the natural state, is brought near to 
it, we should find that the former has undergone the same 
changes of condition, toacertain extent-, that is-,the positive 
electricity is accumulated in larger amount on (he side far- 
thest from the conductor B ; while, opposite the nearest part 
of B, it is either slightly positive, neutral or negative, ac- 
cording to the form and distances of the two conductors. 

869. If A be a non-conducting body, its charge is pre- 
vented from moving over the surface, and therefore cannot 
change its condition in the manner just descritwd : these 
changes will therefore be confined to the conducting bodyB, 
and will appear even greater in degree. 

870. If the charge of A be negative instead of positive, 
exactly the same changes will be observed, but the order of 
Ihe series of results will be reversed, that which was before 
negative becoming positive, and that which was positive be- 
coming negative. 

871. AU these experiments appear to show, that when 
two conducting bodies containing different amounts of eleo- 
tricity approach each other, the aurp\uB e\et>.n6.'i.'j ciS ^\"i>\«x" 
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18 called the striking distance ; and it is much greater nev 
the extremities of a long insulated conductor than in the 
neighboiurhood of its centre. This fact can be tested by charg- 
ing a proof-plane successively from different parts of aoy 
conductor, and ascertaining the corresponding intensities of 
the fluid by means of the electrometer. Here you have a 
complete explanation of the influence of the lightning-rod in 
protecting buildings. When electricity escapes from a point- 
ed projection, it ste^s off very rapidly, without noise or with 
a slight hissing sound, and reaches bodies at a great distance. 

862. Whea any two different substances are rubbed toge- 
ther, or even placed in contact, their electric condition is 
usually changed fronx the natural state. . If eitheV or both of 
the substances have conducting power, and be insulated, 
it may be shown that the natural electricity of these sub- 
stances is decomposed by the mere proxinuty of different 
kinds Qf matter : but this will be better understood aAer you 
are made acquainted with the doctrine of electrical induc' 
tion. 

863. When any insulated conducting body in the natural 
electrical condition is brought near another body in a different 
electric state, the fluid natural to the former is decomposed 
by their mutual re-action, to an extent proportional to their 
difference of condition. 

864. Let A, Fig. 259, be a 
conductor^ insulated upon a 
glass rod and highly changed 
with positive electricity ; and 
let B be a moveable Ions: con- 
duetor of the same material, 
insulated in a similar manner p<g. ^so. 
and surmounted by a number 

of detached strings carrying at each extremity a ball of pith, 
to serve as so many electrometers. If B be placed a little 
beyond the striking distance of A, aU the pithrballs will di- 
verge, except one pair placed near the middle of B 5 thus 
showing that B is electrified throughout, except at one place 
near the middle. The divergence of the pith-balls will be 
greater as they are placed nearer to either extremity of B. 
To prove that these results are, not a consequence of the pas- 
sage of any electricity from A to B, let a non-conducting 
plate be placed near these conductors, and the same effects 
will still appear. If we now test the nature of the electri- 
city of B, at the extremity next to A, by means of a proof- 
plaae and a gold-leaf electrometer, Fig. 258, we shall find that 
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^W *fte eleclricity of this extremity in negative ; but if the pIpc- 
*■ Iricity of the opposite extremity of B be tested in the same 
^ isanaer, it wiil fae found to be positive, like that of the con- 
^ ductor A. If we apply the proof-plaae near the centre of 
■i St; it will produce no sensible effect upon the gold leaves ; 
■fci showing that this part of the conductor remains in the nafu- 
m0 ral state. 

■i " 865. Remove the conductor B to a distance from A, and 
^ «n th« balls will collapse ; thus proving that B has received 
if no additional electricity, but has merely suffered a dislurb- 
Ip race of its natural quantity by being brought near the 
■i charged body A. 

■ -866. Replace B, and the eiFects will reappear. Then 

■ bring the finger (the human body being a conductor) within 
striking distance of the positively electrified estremiiy of B. 
A spark of positive electricity will then be drawn oiF, and 
the divergence of all the pith-tjalls will be very much dimi- 
nished. If B be then once more removed to a distance from 

^^jl, it will be found negatively electrified throughout. 
^V' 867. But if B be brought completely into contact with A> 
Htte electric charge of the latter will be proportionally dis- 
tributed over both conductors, and they will both display the 
same kind of eleclricity as if the two conductors were one 
at every point. 

868. Were we to test the electric condition of the charged 
conductor A, when B, in the natural state, is brought near to 
il, we should find that the former has undergone the same 
changes of condition, to a certain extent ; that is; the positive 
electricity is accumulated in larger amount on the side far- 
thest from the conductor B ; while, opposite the nearest part 
of B, it b either slightly positive, neutral or negative, ac- 
cording to the form and distances of the two conductors. 

869. If A he a non-conducting body, its chaise is pre- 
vented from moving over the surface, and therefore cannot 
change its condition in the manner just described : these 
changes will therefore be confined to the conducting bodyB, 
and will appear even greater in degree. 

870. If the charge of A be negative instead of positive, 
exactly the same changes will be observed, but the order of 
the series of results will be reversed, that which was before 
negative becoming positive, and that which was positive be- 
coming negative. 

871. All these experiments appear to show, that when 
, two conducting bodies containing different amounts of elecr- 

tricity approach each other, the sutpVua e\et\,i\wX.'^ (A c\"ftv«i 



kind in one of the conductors, repels the nmilarfluiduiilt 
other, to as great a distance as possible, and is repflkdbri 
vith equal force : thiis, when either of the bodies is in ik 
natural blate, the mixture of the two fluids, which neutnlitt 
each otlitT in that >tate, is decomposed by repulsion; and if 
the two bodies be insulated, both fluids will display theii 
pnijit- riifs at dilferent points on the surface of etch. 

S7.i. Bodies so circumstanced must necessarily attradeKh 
othiT ; lor, as electric attraction varies inversely as the iqiaR 
of the distance, the attraction of the surplus fluid in A,r^ 
'2b\)y for the fluid of the opposite kind collected at the neaicr 
end of B, must be greater than its repulsion for tlie amilv 
fluid accumulated at the more distant part of B. 

Hlli, IkMJies, of which the electric state is disturbed bjFtlie 
proximity of othtr bodies in a difl^erent state, are said to be 
eloctrified by induction. While a thundeixrloud charged 
with ne«3tive electricity is passing, the surface of the eaith 
beneath it is rendered positive by induction, until, in some 
in.stiinccs, the hairs of animals become electrometers and 
stand on end. The tips of masts, lightning-rods, fence-poitiy 
&c., may then become luminous from the escape of positive 
electricity toward the cloud. If the cloud be low and the 
electric intensity great, an upward flash — the most conamoo 
form of li<:htning — may occur, producing terrible destruc- 
tion. Life may be destroyed by lightning, even when no 
flojih is communicated from the earth to the cloud: for, if one 
cloud discharge itself into another, the negative electricitj 
driven by induction from the surface of the earth beneath 
instantly n^turns, producing what is called a sidc-shock, 
A^metimos so powerful as. to kill persons who happen to be 
near large and partially insulated 
nmsses of conducting mat ter. Such 
accidents, however, are fortunately 
very rare. 

S74. The attraction of the two elec^ 
trical fluids for each other is such, 
th.U when they are accumulated separ 
r.ttt'iy on op{X)site sides of a non-con- 
»l\htvT, this attraction prevents either 
of ihrtu t'rtwn displaying its energy in 
lull i«nve u)K>n surrounding objects, 
riiu. . K t A and B, Fi^. *J60, repre- 
(«<'nt two widely separated metallic 
diNcv . the one insulated upon a glass 
'^*»K t\ und the i^her upon a silken 
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cord, D ; each being furnished with a pith-ball electrometer, E. 
Let these plates be charged separately with opposite electri- 
cities, and the balls of both electrometers will diverge. If 
B be now lowered gradually towards A, this divergence will 
eoiltinually decrease, as though the charges of the discs were 
diminished; but this is disproved by the divergence being 
gradually restored on separating the discs once more. 

875. The diminished divei^ence of the electrometers on 
the approach of the two charged discs towards each other, is 
solely owin^ to the. strong attractions of the molecules of the 
opposite fluids lor each other, which, varyihg inversely as 
the square of the distance, must be four times as great when 
the interval between the discs is reduced one-halL Electri- 
city thus prevented from acting freely on surrounding bodies 
by its. own attractions, is said to be disgvised. 

876. When the discs are brought within 
striking distance of each other, a discharge 
takes place from one .to the other, both the 
electricities are neutralized, and the elec- 
trometers collapse. This neutralization 
also occurs when a conducting-wire or 
discharging-rod is placed in contact with 
one of thiB discs, and is then brought near 
the other disc* The discharging-rod' is 
usually made of a metallic wire, surmount- 
ed at its extremities by metallic balls, 
A, B, Fig. 261, and insulated upon a glass or dry- wood han- 
dle, as at F.-^ 

877. If glass, or anr other solid electric, be substituted for 
the air between the discs. Fig. 260, the same effects will be 
observed ; and, even if a very thin plate of glass be used, the 
strength of attraction, when the discs are hekvily charged, 
may overcome the cohesion of the electric j and a discharge 
will then take place through its substance, generally break- 
ing it in pieces. 

878. If we charge oply one of the discs in the foregoing 
experiment — A, for instance — ^the other will be electrified 
by induction ; and if the fluid repelled by the charge of A 
be drawn off from the opposite side of B by the finger or 
any other conductor, new charges may be communicated to 
A for a long time, before the electrometer appended to it 
will diverge to its full extent. 

879. Moist air is a tolerably good conductor, and there- 
fore the success of this and other experiments performed in 
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the air depends upoQ the drynect of the atmoBphrre. The 
demity of thu air also renders it more powerful as a noo- 
Gonduclor. Under the exhausted receiver of an air-pump, 
electricity diffuses itself by repulsion through the free spue, 
and collects upon Ibe inner surface of the glass. If the ex- 
panded fingers be then moved about the receiver near the 
outside surface, streama of light like an aurora borealis will 
be seen playing through the void, and followii^ the motions 
of the hand. 

8SQ. No aerial insulation can be complete ; for the particles 
of air in immediate proximity to ao electrified body acquire 
by degrees the same electric condition,. and are repeUed, 
while others more distant are in turn attracted, -a od receive 
their charge. This is the cause of the cool breeze which 
seems to issue from any pointed projection of an electrified 
conductor when the supply of electricity to this conductor is 
continued. Thus the air carries ofi" the surplus electricity 
from bodies, and promotes its equilibrium by a process 
similar to the distribution of heat in fluids by circulation. 
This actipn is very slow in the neighbourhood of flat, or lai^e 
rounded surfaces ; but from projecting pokits and elongated 
bodies it is very rapid (8G1). When the air is thus electri- 
fied, it is expanded by the increased, repulsion of its particles ; 
and you are now prepared to comprehend the action of elec- 
trical machines, the Leyden vial, and the electrical l>altery. 

881. Tke Ekctrical Machine. — The general appearance 
of electrical machines is 
known to almost every A- 
merican child ; but, for the 
purpose of explanation, we 
will take up that of Mr. 
Nairne, represented in Fig. 
262, as it possesses some 
advant^es for experimen- 
tal purposes. C C is a cy- 
linder of glass. It is sup- 
ported and revolves upon 
two uprights, made of in- 
sulating material!! — such as 
baked-wood thickly var- 
nished. One extremity of 
the axle of the cylinder 
carries a small wheel, le. fi 

by a central pivot, lo the corresponding upright. It should 
he made of non-conducting materials, and should be pn^ 




wheel, W, is attached, 
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i«'>ided with a handle of the same character. 
■ re coupled by means of a cord, and enable m 
ylinder to revolve rapidly. 

" 882. An insulated conductor, N, called the negative con- 
luctor, is supported by a glass rod fixed to a sliding panel at 
la base, by which it may be made to approach or recede 
/roiD the cylinder. This conductor is provided with a long 
.-narrow rubber on Ihe side next the cylinder, against which 
it is made to press by meaneof the sliding panel. Over the 
fece 6f this rubber, where it touches the cylinder, is spread 
a thin narrow layer of amalgam, composed of tin, zinc, and 
mercury, made into a paste with lard, which very much in- 
creases the excitation of (he glass. In the common machine, 
the conductor N is wanting, and the glass rod carries the 
rubber alone. To Ihe face of the rubber, just above Ihe' line 
of amalgam, is attached a flap of silk, designed lo encircle 
nearly all Ihe upper half of Ihe cylinder, and to prevent the 
air from dissipating the electricity collected on the glass by 
friction with the rubber. The mere contact between the 
cylinder and the rubber causes the partial decomposition of 
the natural electricity in the latter. The positive fluid is 
collected upon the glass, and is carried round by it ; while 
the negative fluid remains in the conductor N and rubber, 
and will there cause an electrometer to diverge with nvgative 
electricity. 

883. The continued excitement of Ihe glass soon brings 
the intensity of its electricity lo Ihe poiiit at which its at- 
traction for the negative fluid in the conductor, N, puts a 
stop lo the further decomposition, unless, by some means, 
we contrive lo carry off the electricity accumulated upon 
the glass. For Ibis purpose, another similar conductor, P, 
provided with pointed wires, projecting until they come very 
ni'ar the glass, is insulated upon another glass rod, attached 
to another sliding panel, on the opposite side of the cylin- 
der. When thus arranged, if the cylinder be put in motion, 
the conductor P is immediately electrified by induction, 
and there is a tendency in the side next the cylinder (o be- 
come charged negatively, while on the opposite side the po^ 
sitive fluid accumulates. But Ihe positive electricity of the 
moving cylinder instantly flies olT to the points on the con- 
ductor, P, and not only neutralizes the negative electricity 
produced there by induction, but continues to flow until the 
whole of this conductor becomes chained positively to such 
a degree of intensity, as to balance by its repulsion the fluid 
remaining on the cylinder- 



8ft4>. If a fin^rr of one hand be now presented to the c» 
ductor P within striking distance, a moderate spark mijk 
dnwn from it, followed by others still more feeble: for tie 
supply of positive electric fluid in N is speedily exbia^ ' 
But M a metallic chain or other conducting subetanceh 
suspended from N to the stand supporting the machine, i^c^ 
is always covered with a conduct ing-piate of metal cornm- 
nicating with the earth, and instantly, P will coromeiia 
pivinc; powerful sparks to the finger — the intensity, and coo- 
isequiMitly the striking distance, being greatly increiued. This 
is owing to the fact that N, now no longer "^insulated, is nP' 
plied from that great reser>-oir of natural electricity, the 
t-arth, with fresh supplies of the positive fluid, which conti- 
nually re-establish the natural condition of N, and render the 
procesis of decomposition and the supply of positive electri- 
city to th<» conductor P perpetual. 

SSfi. Let the chain be removed from N and suspended from 
P. The electric condition of the latter i^-ill now continue 
natural while the machine is in motion ; because all the elec- 
tricity received from the glass instantly passes off through the 
chain into the earth. But N will be rendered strongly nega^ 
tive, ht'cmse the glass constantly demands from it fresh sup- 
plies of the positive fluid. If a finger be now- brought within 
striking distance of N, a series of sparks will burst from the 
former, to supply the deficiency of positive fluid in the latter. 
Here, then, there appears to be a current of positive electri- 
city produced, in which the excited glass draws the fluid from 
N, to deliver it to P, which transmits it to the earth, and 
this, sharing it with the person of the experimenter, his fin- 
ger returns it to N. If the finger be made to touch N, all 
signs of electricity disappear from both conductors, and its 
presence will be perceived only on the surface of the glass: 
for, all that is delivered to P is then instantly returned to N. 

886. If, while both conductors are insulated and the ma- 
chine is turned by an assistant, the finger of one hand be pre- 
sented near P, and a finger of the other near N, sparks vriW 
take place at the same moment from P to one finger, and 
from the other finger to N j and these sparks will produce a 
very curious sensation : but if the fingers touch the respec- 
tive conductors, the transfer takes place without any sensible 
result. 

887. If a cvlinder of resin be substituted for the glass, and 
a rubber of flannel. for the amalgam, the cylinder will ab- 
■^fact negative electricity from N, and all the other appear- 
*»»ceB will be reversed ; the positive portions of the appaia- 



.„ tus becoming negative, and the negative portions being 
dered positive. 

888. These phenomena are explained, on the hypothesis of 
the double fluid, by supposing that the machine estabUahes a 
double current ; the positive fluid passing in one direction ar^d 
the negative iluid in the other, and neither of them display- 
ing visible effects, except where there is a break in the 
circle. 

889. Trantmitgion of Electricity. — The passage of elec- 
tricity along conductors, or through non-conducting Media, 

" ippears to occupy no appreciable time. 

** 890, In passing through air or other obstacles, the fluid 

'' always endeavours to pass by the shorleal possible route ; sa 

' that, if two conducting routes be established between bodies 

in different electrical conditions, the fluid will travel by the 

' shorter. Great resistance is offered to the passage of large 

quantities of electricity along narrow conductors ; and if these 

be much bent, the Quid will sometimes leap through the air, 

from one part of the conductor to another, in preference, to 

travelling round the curve : for this reason ; lightning-rods, 

with dull points and extensive curves, not unfrequently cause 

the lightning to leap through the roof and side-wall of a 

house, from one part of tiie rod to another. 

891. When sparks or flashes of lightning are long, the 
fluid appears to condense the air before it so powerfully as 
to be frequently turned off at an angle, or even to rebound 
momentarily from the reaction of the air upon it. In such 
cases, brushes of light often escape into the air, or become 
dianpated at the angular points. These two effects produce 
many of the most beautiful phenomena of thunder-storms, 
and of sparks drawn from long conductors attached to pow- 
erful electrical machines. 

892. OftheLeydenViaL—lihaa 
been explained that where a body 
charged with electricity of either 
kind is brought into proximity with 
another body charged with eb 
city of the opposite character 
mutual attraction of the two fluids 
di^uises the effects of both (875). 
Now, let B, Fig. 263, be a glass or 
other electric bottle or vial, coated 
internally and externally with tin- 

_ foil or some other conducting mat- 
^^|et to a considerable distance from 
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the bottom. If a conducting-rod communicating with the 
inner lining of this vessel be terminated by a rounded lx)dy, 
of the same nature, as represented at A, and if this ball be 
presented to the prime conductor of an electrical machine, 
P, Fig. 262, the inner surface of the vial will become 
charged with electricity of the same nature with that of the 
prime conductor. By induction, this electricity will decom- 
pose the natural electricity of the outer coating of the vial, 
drawing the fluid of opposite character towards the side next 
the vial, and repelling the fluid of its own nature from it, 
towards the outside of the external lining. If the external 
lining of the vial be connected with the earth by a good 
conductor, the repelled fluid will escape and disappear -in the 
general reservoir (884) ; but the attraction of the one fluid, 
within the vial, for the opposite fluid accumulated by induc- 
tion, without, will prevent either from displaying its proper- 
ties unchecked in their full ^tent ; the electrometer will be 
less influenced, and the striking distance will be very much 
diminished: hence, such a vial will bear a vastly greater 
charge of electricity than a common insulated conductor, 
before the fluids will meet and neutralize each other by 
breaking through the air or the intervening glass. If, how- 
ever, the whole vial be insulated, as it is when suspended by a 
silk cord or placed on a bench supported upon glass feet, it 
will receive no higher charge than an ordinary conductor. 

893. A vial thus prepared is called a Leyden vial, from 
the place of its invention. Plates of window glass, lined up- 
on each side with tin-foil reaching to within a few inchies of 
the edges, are frequently emplo3red for :the same purpose, and 
act like the stratum of air in the experiment with the two 
discs described in paragraph 874. 

894. The Electric Battery, — By connecting together by 
conducting wires the rods of several of these vials, and unit- 
ing their external coatings in a similar manner, we cause 
them all to act in concert ; and thus, we obtain any desired 
quantity of electricity, in such a state that we may use it in 
our experiments with perfect facility. Such an arrangement 
is called an electrical battery, 

895. Leyden vials and batteries are readily discharged by 
means of the discharging-rod, as represented in Fig. 263. 
When, we wish to test the effects of large quantities of elec- 
tricity upon any substance, we make the subject of experi- 
ment a part of the circle of connexion between the inner and 
outer coating of a jar or battery, at the moment of discharge : 
thus, if we place a card between one of the balls of the dis- 
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chai^ng-rod and the side of the jar, aad then discharge the 
latter in the usual manner, the card will be found perforated 
by the electricity. If a large battery be employed, and fine 
metallic wire be substituted for the card, it may be heated red- 
hot, melted, dispersed, or even forced into the pores of glass 
by the heating suid explosive power of the fluid. 

896. When the communication between the surfaces is 
made by means of the humati body, whether it be by a single 
individual or by many persons touching each other, a severe 
shock is felt ; but it is confined to those parts of the body 
which lie in the shortest route between the inner and outer 
coating. Electricitv thus applied has been useful in disease ; 
and its application is often confined to a single, limb or part 
of a limb, by means of conducting chains or rods, which may 
be so applied as to bring the part into the direct route of the 
circle of connexion between the surfaces. 

897. The changes of form, constitution, temperature, &c., 
continually going on among ponderable bodies, are constantly 
producing changes in their electric condition, and render the 
study of electricity at once deeply interesting and abstruse. 
Thus'there is reason to believe that the machinery of all ani- 
mals and vegetable bodies possesses the power of decomposing 
electricity in certain parts of their frame, and some animals 
have actual batteries constructed within them, by means of 
which they can benumb or even kill their prey. The elec^ 
trie eel and the torpedo are fishes endowed with this power, 
and when in full vigour they can give shocks dangerous to 
the life of a swimmer. 



CHAPTER X. 

GALVANISM. 

898. The term Galvanism has been given to a branch of the 
science of Eeclricity, which treats of the efiects of the two 
electric fluids when set in motion through conductors, so as 
to form currents, by means of the simple contact of the dif- 
ferent tnetals.^ Its details belong rather to Chemistry 4 ban 
to Natural Philosophy, but its connexion with Magnetism 
renders it necessary to say a few words upon the subject here. 

899. It bad long been known that a strong electric spark, or 
the shock of a Leyden vial, would produce pain in the nerves 
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and contndioni in the muaclea of t living animal, and itn 
alio known that when two piece* of diferent metak wtn 
pUri>d, tho one on the upper and the other on the lows 
■urfuce of the tongue, when damp, the edges of the two ofr 
tall bring brought into contact, there was produced b vht 
peculiar taste ; but the connexion of these two facta win 



peculiar taste ; but the connexion of these two facta 
electricity waa not perceived until Ptofessor Galvui . 
Bolof;na, discovered that when a piece of metal is applied It 



the naked muscle* of the leg of a frog recently killed uJ 
(kinned, while a piece of aome different metal ii applied to 
the principal motor nerve of the limb, and when a melallit 
win' is made to connect the two plates, the leg will be thrown 
into convulsions. Thiseffect was then attributed to aclisng« 
in thf e)<-ctnc condition of the metals when connected bj i j 
conductor : and the taste above mentiooeil was explained QO 1 
the gome principle*. 

900. Slodern discovery has shown that the muscles of ill 
animals may be excited by electricity in any form, if pio- 
perly applied soon after death ; the bodies of the inferior and 
cold-blooded animals retaining this susceptibility for the 
lonijest time ; and further investigation has proved the agency 
of electricity in the experiments of galvanism. 

901. When insulated discs of two diSerent metals ate 
placed in contact and again separated, it is found that one of 
them has acquired positive and the other negative eleclricity 
to a sutEciont extent to affect a very delicate electrometer. 
It is found that the more oxidizable of the two metals will 
always bi' charged positively. Thus, zinc will render copper 
ni-gative by contact, while even copper becomes positively 
charfied when in contact with gold or silver. The inlensily 
of this action is much increased by subjecting the metals lo 
M>me agent which tends to produce oxidation — such as a very 
dilute acid : and even when the acid is capable of uniting 
with either of the metals separately, its energy will be whol- 
ly csertiil upon oue of them when they are 
brought into contact, either directly or by 
means of conducting-wires, ' 

90-1. The nature of what is called a sim- 
ple galvanic circle may be made intelligible 
oy Ki|^. C(U, in which Z represents a zinc 
plate, and C, a copper-plate, both partially , 
immersed in a very weak mixture of sul- 
phuric acid and water. These plates being 
ylaced in contact at their upper edge, a Fif.aw. 

eurrent of electricity immediately commences, n 
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continues until they are separated y- the positive fluid nun 
ning from C to Z, and back through the acid to C ag^n, 
while the negative fluid flows in the opposite direction 
from Z to C, and back through the acid to Z. The ex- 
istence of this current is readUy shown, upon breaking the 
circle at any point : thus, while placed as in the figure, the 
acid will rapidly corrode the zinc, but will ieave the coppet 
bright ] but if the summits of the plates be separated, both 
will be corroded. This arrest of chemical action in one 
plate, while it is proceeding in the other, is a proof of the 
agency of the opposite electricities, but this proof being che- 
mical, we cannot discuss it here. • " . 

903. If a metallic or other conducting- wire be soldered to 
the summit of each of the plates, the circle may be complet- 
ed even when Z and C are ev^ so widely separated, merely 
by bringing these wires into contact. If the tongue be inserted 
between the positive wire coming from the zinc and. the ne- 
gative wire coming from the copper, ifAe galvanic tuste (899) 
is instantly recognised. 

904f. Let the two plates, with their wires connected, be 
dipped into the acid mixture contained in difierent tumblers^ 
and both will be corroded ; but if a moistened thread be car- 
ried from the mixture in one tumbler to the mixture in the 
other, the galvanic circle becomes complete, and the corro- 
sion t>f the copper ceases, while that of the zinc is increased. 

905. ]By arranging many |)airs of galvanic plates in a pile, 
separating the successive pairs by pieces of moistened paste* 
board, it is found that the intensity of the electric or galvanic 
current is increased; each pair communicating its own electri- 
city or galvanism to the next successor, together with all that 
it has received from its predecessors: Such an arrangement is 
called the voltaic pile^ from- its inventor. Professor Volta, of 
Pavifu It must always have a zinc, or positive plate at one 
extremity, and a copper, or negative plate at the other. The. 
wires used to complete the circuit, or convey the fluids for 
purposes of experiipent, are connected with these opposite 
extremities of the pile, of which the zinc end is c^led the 
positive pohy and the copper end the negative pole. 

906. The acid used in some of the foregoing experiments 
only increases the current, but is not essential to its produc- 
tion ; for M. De Luc constructed two dry piles composed of 
pairs of very small circular plates, of two different kinds of 
metallic foil, separated only by circular pieces of dry paper; 
which he included, to the number of many thousands, in two 
gliigs tubes. These tubes were fixed upright upon a metallic 
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■taiid, oae of them with the p 
negative pole upperrnost 

by two little belb, and between them was suspended a long 
•ud delicate needle, with a ball oa ita nunmit and a weight 
to counterpoise it below, playing like a tnelronome upoB' ■ 
pivot near its middle pointy and inwlrted by the gtsss tuba 
containing the jnle*. So great was the electric action of 
these dry piles, that the ball of the metronome was iJtei- 
nately attracted, chained and repelled by each bell in turn, 
io as to keep up a perpetual ringing, as the electric fluid wai 
conveyed from one part of the galutnie circle to the other. 
In good weather, eparks could he seen to pass between the 
ball and bell at each vibration. 

907, By soldering Ic^ether plates of zinc and copper, or 
other suitable dissimilar metals, and connecting the positive 
plate of each peir with the negative ^ate of the succeeding 
pair, we can produce a galvanic battery of any required 
power, by simply increasing the number and size of the 
plates, and plunging them into a succession of separate non- 
conducting vessels containing weak acid mixlure- Fig. 365 
represents a convcaient mode of arrangement for this pur- 
pose. A B represents 
a wooden beam, from 
which the plates are 
seen suspended, a piece 
of metal being extended 
from each copper plate 
to the succeeding zinc 
one, and the whole se- 
ries prepared to be par- 
tially immersed inio the 
corresponding compart- 
ments of the wooden 
trough T, which is di-. 
vided iato chambers by 
partitions of glass. The 
trough, when in use, 
contains the acid mixr 
ture, and the positive 
and negative wires are attached to the opposite poles P P of 
the series. Any number of such trougl s or of the piles of 
Volla may be made to act as a smgle batterj by making a 
connexion between the negative pole of one and the poai 
live pole of another. There seems to be no compound body 
in nature that may not be decomposed, meUed, or exploded 
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ich combinations of galvanic plates. Sparks of conei- 
Ue length and shocks fatal to life may be produced by 

. As the galvanic current produces many results not 
f observed in the action of common electricity, it baa 
lupposed, by some, that the galvanic fluid ia a cora- 
1 of caloric and electricity. Be this as it may, it 
ra (hat the ordinary electrical effects of the battery in- 
^^ ! with the number of the plates, while the healing 
^KiWer increases with their size, and some chemical results 
appear to depend upon certain relations between Ihoir eize 
and number. 

909. The most splendid lights ever witnessed by man, are 
produced by the action of the galvanic currentupon different 
kinds of matter interposed between the wires in the route of 
the galvanic circle. Thus, the Drummond light is produced 
by throwing the current upon lime ; but any further remarks 
upon this subject would involve us in questions belonging to 
the science of chemistry. 
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CHAPTER XI. 

MAGNETISM. 

HO. The most common phenomena produced by magnetism 
^i6 too familiar to demand more than a. simple annoimcement. 
It is well known that icon and steel are capable, from some 
cause, of assuming polarity ; and it has been already stated that 
mere position appears to confer this property under certain 
circumstances. When left free to move upon a pivot, one 
pole of a piece of magnetized steel usually tends to the north, 
and the other to the south ; wlience these poles are called 
the north and south poles of the magnet, 

911. This direction is varied by many circum stances, 
some regular and others apparently accidental. The proxi- 
mity of iron and certain other metals produces an accidental 
variation of the bar or needle : nor does the presence of any 
intervening matter prevent this effect. In northern or south- 
ern latitudes, the corresponding pole of the needle of a 
compass ia drawn downwards towards some point within the 
substance of the earth ; and if we would preserve it in the 
horizontal position, we must load the other e«.Te.w\\Vj -^'-Mr.^ 
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mitable weight. Thii downward tendency is called the £p 
of the needle. It is observed, that the point of the faeifw 
toward which the north pole of a horizontal ma^Detic nedk 
tt*nd^ seems to vibrate a little to the east and west of thetne 
north direction: and as the dip varies also in different yen, 
it is certain that the magnetic poles of the earth change their 
places according to some hidden Iaw ; and it is probable tU 
thfv r Involve regularly in a small circle, round some fixed 
point within this range of the cyclic variation. 

91*2. The position of the needle also undergoes nHoate 
changes of position, i^iiich are repeated in various degreei 
ovtTV twrnty-four hours, called the diurnal variation. 

913. Again : The needle is agitated^ or disturbed^ duriog 
storms — particularly thunder-storms-^earthquakes, the ovit^ 
ra bonaliM^ and certain other meteors. 

9 1 1. Infvcnce of Electricity on the y^eedle. — Magnctian 
may be conferred upon iron, or destroyed when pre-existing 
in it, by the electric shock; or the poles of a magnet msjbs 
suddenly reversed by the same means, according to circum- 
stances. These various effects were formerly explained 
upon the hypothesis that there existed in iron and a few 
other substances, a peculiar compound imponderable fluid, 
capable of being decomposed into two fluids of opposite pro- 
perties ; as in the case of electricity. This compound fluid 
was called the magnetic fluid ; and those of which it was sup- 
posed to be constituted, were termed austral and boreal, 

915. Universality of Magnetism, — Modern discovery has 
proved the existence of traces of magnetic attraction and re- 
pulsion in many substances, besides iron and the iron ore called 
the load-stone, which is chiefly composed of oxide of iron. 
It has been detected strongly in the metal called nickel, more 
feebly in cobalt, and weakly in brass, the emerald, the ruby, 
the garnet, glass, chalk, and many other mineral as well as 
organic substances ', and it is now believed to be a general 
property of matter. 

916. Electro-magnetic Phenomena, — ^In 1819, Professor 
Oersted, a Swedish philosopher, ascertained that electric cur- 
rents have the power of conferring magnetism upon bodies 
susceptible of such impressions. Mr. Faraday, of London, 
has since succeeded in obtaining an electric spark from the 
magnet, and has thus reduced this branch of science to a de- 
partment of the science of electricity. The following facts 
have now been ascertained. 

917. When a metallic, or other electricail conducting-wire 
*^alled a connecting-wire — ^forms part of the galvanic cir- 
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-de, and when it is placed above the magnetic needli 
short distaoce, and in a position parallel to the needle, that 
i-nd of the needle which points towards the negative galvanic 
pole will tend towards the west, ^vf n thongh the connecting- 
wire may not be directly over the needle. 

918. If the connecting- wire be in the same horizontal 
plane with the needle, there will be no lateral change of po- 
sitioa in the m^net, but it will dip. 

919. If the connecting-wire be on the east side of the mag- 
neto, that end of the needle which lies nest the negative gal- 
vanic pole of the circle will dip *, and when it is placed od 
the west side, the magnetic pole next the positive galvanic 
pole, will dip. If the connecting- wire be placed below the 
needle, the parallelism being still preserved, the effect will 
be precisely the reverse of that produced when it is above 
the needle. 

920. If a piece of steel, not magnetized, be placed in a 
position parallel to the connecting- wire of a battery when in 
action, the side next the wire will assiune, temporarily, one 
kind of mt^netism, and the other side will display Ihe oppo- 
site kind : but if the direction of the wire be at right angles 
with that of the steel, Ihe latter becomes a permanent mag- 
net, with the usual poles at its opposite exlremilies. If a ■, 
coil of any kind of wire, covered with silk or cotton thread, ' 
be made in the form of a helix, like that of a suspender 
spring, and if this helix be made part of the connecting-wire, 
any piece of steel insulated and placed longitudinally within 
the coil will soon be converted into a permanent magnet, in 
consequence of the action of the electric current upon it. By 
connecting the ends of the wire with the opposite poles of 
the battery, which is called chajiging., or reversing the poleg, 
the poles of the m^net will also be reversed. If a coil of 
this kind be wound round a magiietic needle, exceedingly 
slight quantities of electricity transmitted through the wire 
will cause variations of the needle, which therefore becomes 

a delicate electroscope or electrometer. It is used to test the 
electricity generated by the contact of metal. 

921. If sachna eleciro-miigneHc hdix be formed around 
a piece of soft iron, and a current from a battery be made to 
pass through it, the iron instantly becomes powerfully mag- 
netic. If the connexion with the poles of the galvanic bat- 
tery be reversed, those of the m^net will be reversed also; 
and thus the same extremity of the iron may be made altei^ 
nately to attract and repel any other body susceptible of mag- 
netic impression. The magnetism thus conte^ci fe'^'^a 

32- 



1 



378 lUGNBnsM. 

entirely upon the current of electricity ; for it ceaaes instantly, 
if the ^vanic circuit paaung through the helix be broken ut 
any part« Temporary magnets have been prepared in tbii 
way, which were capeible of raising, by attraction, weights d 
more than 2,000 pounds ; and this force can be destroyed at' 
any moment by simply disconnecting one of the wires from 
the pole of the battery. 

022. As either pole of a me^net attracts the opposite, and 
repels the similar pole of. another magnet, you perceive at 
once that electro-magnetism furnishes us with considerable 
motive power when a galvanic current from a battery is pass- 
ing about a piece of soft iron, in the neighbourhood of any 
common magn«t ; for by merely reversing the poles of the 
temporary magnet, we interchange attraction and repulsion 
from the same point at. will. K the common magnet were 
made capable of revolving on an axis, so that its poles should 
come alternately into<;lose proximity with one of the poles 
of tbe soft magnet at every half revolution, we should only 
have to change the character of the latter pole each time that 
either extremity of the moveable magnet arrived at this 
point, and we might thus create a circular motion of the 
common magnet, by causing its' approaching pole to be at- 
tracted, and its retreating pole repelled at all times : 4 bus cre- 
ating a circular motive power, which, by the aid of the 
acquired momenti^m of a fly-wheel and the moving magnet 
itself, might be usefully applied to machinery. Applications 
of this principle have actually been made -, but it has not been 
decided whether they can be economically employed. 

923. The niost wonderful applications of this agency of 
electrical currents to the daily purposes of life are dependent 
upon our power of creating and destroying powerful magne- 
tic attraction at will, and instantaneously, in bars of soft iron, 
by means of injsulated wires 

conveying the influence of 
the galvanic battery to any 
required distance. The ex- 
planation of this subject will 
require the aid of three suit- 
able figures. 

924. A, Fig. 266, repre- 
sents a large bar of soft iron 
curved into the form of a 
horseshoe, in order to bring 
its opposite magnetic poles „. ^ 
to within a convenient dis- - 




Mftnee of each olher. B, is a detached piece of ii 
^yigned to be upheld by the attraction of A, when ma^ 
■BHtized by a galvanic current. If is armed with a ring 
~ttfiBhoo\t, designed to support weights for testing the strength 
r:Of the attraction, or to glvt attachment to various appa- 
ratus, when ret^uired. A long wire, C, C, generaUy of 
copper, surrounded by silk thread or otherwise insulated, is 
closely wound in. the form of a, helix around the bar A, com- 
mencing near the estremity jt, and terminating near the op- 
posite extremity, n. The ends of this wire, after completing 
the helix, are led off and made to dip into some mercury 
contained in the two little cups, c, c. The conducting- wire 
P, comes from the positive end or pole of a distant galvanic 
battery, and the conducting wire N, comes in a similar man- 
ner from the negative end or pole of the same battery. 

925. When P and N are dipped into the mercury in their 
respective cups, the galvanic circle is completed by the pile, 
the wires, and the mercury ; and thus a strong current of 
electricity or galvanic fluid is made to circulate around Ihe 
bar A. This bar is then instantly converted into a powerful 
magnet, and B adheres to it with great force by the magne- 
tic attraction. If, however, either of the wires, P or N, be 
raised fot an instant, the circuit is bi-oken, the curreul 
ceases, and A being no longer a magnet, B immediately falls. 
Upon recompleting the connexion, the same process is re- 
newed at pleasure. Yon perceive, at once, how two such 
magnets acting alternately on opposite sides of an iron beam^ 
would give us a reciprocal motion capable of ready applies* 
tion to machinery. 

926. Eleclro-magnr- 
tic Alarm-Bell.— The 
apparatus just described 
has been, of late years, 
moat wonderfully ap- 
plied to Ihe conveyance 
of messages. The elec- 
tro-magnetic alarm-lwll 
may be understood by 
reference (o Fig. 267, in 
which the same tetters 
have significance as in 
the preceding figure, 
though Ihe magnet A is' 
reversed, and firmly se- 
cured to a lable. In this instrumetvt, the Aelat\\ei\i 
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r continuous sheet i^ paper, E E, on which the me^ 
I received. 

. A curved bar of iron. A, with it« helix-wire, C, C, 
I mercurial cups, c e, is supported, as in the alarnv-bell, 
it, upon a stout wooden frame F, F. A light wooden 
r lever, G, having a little vertical play or motion about 
t at H, bears, near its attachment, the usual detached 
of iron, B, and is supported by a steel spring, I. A 
prqjeclion, K, hangs directly over the groove in the 
«r, to which its form is adapted. When the c(mduct<- 
irei, P, N, are brought into connexion with the battery 
other end of the line of communication — the cylinder 
its paper sheet being simultaneously set in motion — 
A becomes a magnet, and forcibly attracts the cro»> 
B ; thus drawing downward the lever G, and caudi^ 
qjection K to indent the paper into the groove upon the 
E of the cj^linder, producing a permanent raised mark 
: opposite side of the sheet, resembling the raised cha- 
I employed in the instruction of the blind. The mean- 
' these characters is determined by their length ; and 
spends on the length of lime that the writer at the sta- 
eeps the galvanic circle complete at each dip of the 
ctiBg-wire in its cup, or at each «»tact of the wire 
lie pole of the battery. 



CONCLUSION. 

Lf bidding adiea to my yoong readen, J <iiicerelj hope 
that those d[ them who have given close afttentioo to the 
subject of this volume will find themselves prepared to com- 
prehend the wonders of the physical world bj which they 
are surrounded, to an extent wbich will am[dj repay theiD, 
in after life, for the labour required in studying the elements 
of one of the noblest of human sciences. Let them remem- 
ber, however, that what is commonly called << an educatioD,* 
is intended to teach no more than how to begin to leanu 
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TABLE OF THE SPECIFIC GRAVITIES OF VARIOUS 
. BODIES. 



CimiKirtd with Water, al 32° FiA- 

Ag«le «S90 

Amber, 1064 

Barytea, ... 4000«H-6O0 

FatBeef, 0-923 

Buller, .... . ■ 0-913 

Camphor, 0-988 

India Rubber 0-933 

Cools, ..... lOSO 10 1-300 
Uiamondt, . . - 3-521 lo 3-9SO 

GluBM S-5M 10,3-000 

ladiso 1'009 

Ivory, I-8aS 

Lsrd, 0-947 

Galena 6-56S- to 7-786 

Limeiloiie, . . . 2 386 to 3 000 

Marble 2'SeO In 2-716 

Melala— BiasB, . 7-824 lo 8-396 

Copper, .... 8-900 

GolJ-casl, . . 19-258 

bammered, 19-361 

Iron— ca»t, . . . 7'S48 

tbrged, . . 7-788 

Lead -II'SSS 

Placinn—forged, SO-336 

wirfi, . 21-042 

plales, 32-0G9 

Klvm— . . . 10-474 

fanmmeted, 10-910 

Sle«l— soft. . . 7-833 

ipmpereil, 7-816 

horiiened, 7-854 

Tio— .... 7-294 

hardened, . 7299 

Zinc, . ■ . 6-200 lo 7-191 

Plumbago, . , . 1987 to 2-400 

Rock Cryalal, . . 3-581 to 2 888 

Spermaceti 0*943 

Sugar, ..;.... 1-606 
Sulpbur of Commerce, . . 1900 

Tallow -. 1-941 

Wai. 1-964 

Wood— Apple, .... 0-793 

AaE 0-845 

Beecb, .... 0-852 
Box 0-919 



Wood— Cedar, 
Cherry, 
Cork, . 



Fir — male, . 

Lignum Vitn, 

MafaoeaiiT, . 

Mapl«. . . 

Oak-beart, . 

Pear, . . . 

Plum, . . . 



. 0-596 
0-715 
0-240 
1331 
0-671 



1-063 
0750 
1170 
0766 

0-78S 
0-383 
0-681 
0.589 

0-an 



Liquma, 
CimpaTtd teilM Wattr, at itf Fai- 



of 

Bkwd, 1-ora 

Ether— Muriatic 0-739 

Nitric 0-908 

Sulphuric, . . . 0-633 

Honey -. . 1450 

Mercurj 13-598, 

Oil— Cinnfunon 1.043 

Linked 0-940 

Olive, 0915 

Turpentine, . , .- - 0-870 

Whale 0-923 



Carbonic Acid, 
Chlorine. . . 
SxhiliraiinE, 

Iljdriodic Acid, 



OiygBB, 



la Acid, 



QUESTIONS. 



CHAPTER. L— PsonoTiES OP MATTnu 

How does 8 child become acquainted with, jpoeef 2. 

Define the general amd special propertieB of tkimga t 3. 

0efine mutter, w^etutrehHUy, 4; e*ien»iom, 5; tkoMg and ftadjr— Why 

is not the nnirene called a body f ^, 7, & 
Define wtMlity — 1» it oniTeraal f 9. What eonatitates relative reat-f 

Define inertia, 10. Is matter dvHMStie t 11 ; how far f 12. 
Gire examplea of the efiects ofgramiy, 13. Define gravity, 14. What 

is the term for the cause of gravity f 15. 
How is it proved that all things on or near the earth gravitate towards 

one spot within it f 16. How is it proved that all parts of the earth 

posaess the attraction of gravitation f 18. What law of gravity was 

proved by the torsion balance f What is density t -iS. 

Bxtsmsum, page 14 

Enumerate and define the general laws of matter, 20. 

Explain the nature of a print , 23, 24. Of what is it a property f 25. 

Give examples of points, 26. 
Explain the nature of a line, 27, 28. What is meant by definite, in- 

definite, and produced lines f 29, 30. Of what is the line a property? 

30. What is a straight linet — ^what is a definite straight line f— 

what is a curved linet 32: What is a curve f .33. Give an example 

of a curve, and of its-Jaw, 34. 
Define the word law, with examples, 35. Define the words circle, cir- 

eumference, radius and diameter, 36. Describe the Mipse, with its 

foci, its law, and its diameters, 37, 38. What is an oi^. of a planet? 

Name the planets in the order of their distance from the son. 

Name them in the order of their sizes, 39. What is the eccentricity 

of an ellipse ? What is said of the eccentricities of the primary 

planets and of comets ? What of the position of the sun ? How 

can we know the orbit of a comet ? 40. 
Define and explain the meaning oi superficies, 41, 42. What is meant 

by a plane superficies 7 43. 
What is meant by a solid figure, or a solid t 45. 
What are parallel lines and planes ? 47, 48. Can a line be parallel to 

a plane 7 48. 

What IB an angle ? 49, 50. What is the angular point t How are 

C384) 
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designated f 50. Does the greatness of aiv angle depend upon 
the length of the lines T 51. What is a right angle T What is the 
■Mcniag of perpendicular t 52. What is an acute angle f What is 
tn eUuse angle t 53. How are angles measured ? 54, 55. 

are circles divided into degrees, minutet, dLc.T 56. ESxplain how 
time is measured by degrees, 57. How many degrees are there in 
half a circle T — in one fourth of a circle T— and in a right angle f 58. 
What is the Aord of an are t What line in a circle is equal to the 
chord of 60® f How can we lay down angles on paper T 59, 60. 
-How do you know when one plane is perpendicular to another ? 61. 
»w many lines can enclose a jspace T How many straight lines f 
What is a triangle f— -and a rectilineal triangle f How are eurvi- 
linear triangles named f 62. What is a helix and a epiral t Can 
they enclose space f 63. What is anpUar veioeity t Explain its in- 
fluence in forming various spirals, 64. What is a solid angle t 65. 

I>efine the diflerent kinds of triangles, 66, 67-— and of quadrangles, 
68 — and of polygons, 69. 

What is a sphere? What its lawf 71. What is an axist Describe 
the two kinds of ellipsoids. What are called poles f 72. How is 
the cone generated f 73. How the cylinder f 74. Describe the dif- 
ferent paraUdopipeds, 75, 76, 77. Describe the prism, 78-Hhe pyra» 
mid, 79— and the vegvUm polyhedrons, 80, 81. 

What is said of the measurement of space f 82, 83. How are lines 

measured f 84 f— how surftices f 85. What is said of numbers t— 

what of the square and square-root of numbers f (Note, 85.) How 

are solids measured t 86. 

DwitibHily, • - .... page 38 

What is said of the thinness of gold f 87 ; of the smallness of animals f 
88 ; of the difiiision of odours, and blue vitriol when dissolved f 89. 
What proof have we that matter is not infinitely divisible % 90. 

What we atoms t 90. How do mineralogists endeavour to ascertain 
the forms of atoms f 91, 92. 

What is meant by the primitive form of a crystal, and how is it ascer- 
tained f What is eleavtige t 93, 94. What is the primitive form of 
floor spar f 94. Name the six primitive forms of crystals. Which 
of them are unchangeable f 95. 

What is meant by the form of an integrant molecule t How many forma 
of integrant molecules are there f Name them, 96. What is said of 
the difierence between atofns and integrant molecules t 97. What 
is crystallography t What is the probable form of atoms f How 
would you construct the diflerent forms of molecules with such 
atoms t 98. 
Attraction and Repulsion, page 43 

What is said of the'attractitfn of floating bodies at sea f What of the 
attraction of molecules f 99. What of the floating needle, of drops 
of water, of soap-bubbles, and of quicksilver f 100. What is the 
attraction of cohesion 1 101. What is the ofi&ce o( caWeavmX ^3^c«^ 
33 
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examples of adJumian, 103 ; and of adhesion between solids and 
fluids, 103. 

What is said of attraction in a tumbler ? 104 ; ^ between pao^ of 
glass, and in glass tubes ? lOS. What is the meaning of capilUvy 
attraction ? 106. What is said of its generalinfluence ; of its efiects 
on dry surfaces, on the floating needle, on spiderst and on mercury! 
107. What influence has the narrowness of passages on capillary 
attraction ? Give examples, 108. What determines the height of 
fluids in irregular capillary tubes? Give examples. WiU water 
flow through very narrow holes ? 109. What has capillary attrac- 
tion to do with the life of plants and animals f 110. How does it 
aflect floating bodies? Ill, 112. Has it the same cause with^ther 
attractions? 113. 
Farovty of Bodies — Molecular BepuUhm, • • • •> page 51 

What proofs have yfe that porosity is a property of matter ? 114. Give 
additional examples, 115, 116. Are bodies impenetrable ?— are 
atoms ? — are molecules ? State proofs, 117. 

What causes the repulsion of atoms and niolecules f What is fteof f 
What is caloric f 118. What are the two hypotheses of caloric? 
■ 118, 119, 120. What is meant hyimponderM^ matter t 121. What 
proves that light is rejected f 12^. What is meant by good and bad 
conductors of caloric? 124. What is the radiation of caloric? 125. 
Prove that light and caloric can be ahsorhed^ 126, 127. Elxplain the 
law by which radiating light and caloric become difiused in space, 
128, 129. What is/re« or sensible caloric t 130. Describe the tker- 
momerj 131. What happens when water is heated around the bulb 
of a thermometer ? What does it prove ? 132, 133. What is latent 
caloric? 133. What becomes of steam when cooled below 212 de- 
grees ? What becomes of its latent caloric ? 134. How is warmth 
conveyed from place to place by steam ? 135. How does the iireez- 
ing of water affect the thermometer? 136. What is said of the 
melting, boiling away, and freezing of solids and liquids ? What 
are gaees ? 137, 138. On what do the solid, liquid, and gaseous 
states of matter depend ? What would become of the world if 
heated or chilled too much ? 139. Describe the effects of heating 
and cooling on the bulk of water. At what temperature does 
water freeze ? At what temperature is its density greatest ? 140. 

How do you explain the changes of bulk in water and ice by tempe- 
rature ? Explain their efiects on climate, 141. What forces gene- 
Tally determine the three states or conditions of matter ? 142. Ex- 
plain the solid state, 143 ; and the fitid state, 144 ; and the liquid 
' state, 145 ; and the aeriform state. What is a gas ? What, a va- 
pour ? 146. 

What causes the peculiar states of matter ? 147. Explain hardnesst 
148. Does it depend on density? 149. Explain tenacity ^ friahHiiy, 
150; and hrittlenesst and the process of annealing ^ 151 ; and /ran- 
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*:• gihUity. Describe Prince Rupert's drop, 152. Describe ihallea- 

bUity^ 153 ; and dttctility, 154 ; and elasticity ^ 156. Do elastic bo- 

' - dies rebound ? 156. What happens when they are compressed T 157. 

■PUarityi - -. page 67 

•-:' -What is a magnet 7 What bodies are magnetic ? 158. How can you 

■ - ' make an artificial magnet.? 159. Describe some of its effects, 160. 
I ■' What do they prove ? What are called poles in magnets ? Name 
:*- the poles, 161. Can magnets polarize other bodies? Give an in- 
stance, 162. How can you make a needle permanently magnetic? 
163. How do similar poles act on each other ? How do contrary 
poles ? 164. What is said of other kinds of polarity ? State the 
general law, 165. 

CHAPTER II.— Mechanics. . 

Of Motion and Forces f - - page 71 

Prove that all rest is relativet 166. What is absolute motion ? Do we 
know any thing of absolute rest t 168. What is said of relative mo- 
tion ? 168, 169. Give the first law of motion, with examples, 169. 
Prove that this is also a law of rest. 

What is velocity t How is it measured ? What is the unit of measure 
generally employed ? 171. Prove that velocity is a measure of 
JorcBf 172, 173. Is force measured by absolute or relative velocity ? 
174. What is collision t. To what is it proportional ? Give arith- 
metical illustrations, 175. 

What is the difference between resistance and force? What is iner- 
tia t What is the difference between the inertia of rest and mo- 
tion ? What is the difference between action and reaction ? 176. 
What regulates motion ? 177. 

What has time to' do with motion, force and inertie? Give illus- 
trations, 178. Give additional illustrations, 179, 180; and still 
more, 181, 182. 183. 

Give examples of fluid resistance to motion, 184, 185. Wliat law of 
velocity governs fluid resistance ? 186'. 

What is friction t Give an example, 187. What is said of the laws 
of friction ? 188. What of the cause of friction ? 189. What of 
its effects on machinery ? 190 ; on dragging bodies, on ropes and 
tissues? 191; on air and currents? 1'92; on the rapidity of rivers, 
on fertility, and^on lakes ? 193. 

What has mass to do with velocity ? 194. Define momentum. Give 
an arithmcitical demonstntion, 195. What have weigM and density 
to do with the velocity of fiedling bodies ? 196. Explain the experi- 
ment with a guinea and a feather, 197. 
Central Forces, page 84 

Explain the expieriment virith a sling, 198. What is centrtfugal force t 

199. What is eewtr^ffetalforce t What has it to ^ with the stars ? 

200. What is a tangent t What is the direction of eentxv^sd^ 



force t 201. GiTo ezamplea from the grindstoiia, rul-rotds, iMa- 
boAU, stages, riders, akmters, fly- wheels, &c. 202. Eiphn t!K 
whirling-iable. snd form of the earth, 203. Give other enflples, 3H. 
Cmmp»9iti^m amd Kesolutiam qf Fmrces^ - - • P9^ 

Eiplsin the parmUclogram of forces, 205. What do yon nndentiid 
by rtfultimg forctt and rtauUimg wwtionM t 206. Can we-detmnDCi 
bj the motion of a body, what forces put it in motion f 907. Bow 
is the parallelogram of motion applied, when more than two farces 
act in the same plane upon a body f 206, 209. How, whoa tbre« 
forces act in different planea t 210. 

What is meant by tJbr ta mfo M i t iam of fmrceMf 211. WhatiBBudef 
forces acting at a right angle F 212. What, when they act it m ob- 
tuse angle f '213. What, when they act at an acute angle f 214. 

Give g«.^>met^lcaI demonstrations on the black-board of the seTenl 
pn>Momd> in the rtaoimtiom of forttt^ from 215 to 217. 

What portion of the velocity of moving bodies determines the force 
of their i*ollisu>n ? Demonstrate this truth from the action of wind 
on sails, and water on paddle- wheeb, dLc. 218, 219. In what direc- 
tion will an inelastic ball drive off another ball, not fixed, on which 
it strikes obliquely, and in what direction will it move itself, if it 
strike a ball that is immoveable t 220. 
CmMtant Forces — Aecrteratcd and Retarded Motion, • • page 95 

Explain the difference between the efiects of amatant and Ics y s rer y 
forces upon motion and velocity, with examples, 221, 222. What 
is said of the variation of gravity with distance f Give the law and 
examples. When may we consider it as a itMiform forte t 223. 
Give the law of the aeetUrating force of gravity, measured by time. 
224, 225. How is the accelerated w^ioH of a falling body measured 
by distance 1 Repeat and explain the aeries contained in Uie table, 
page 97—226, 227, 228, 229. State the conclusions drawn from this 
table, 229. Are the numbers in this table absolute or relative f To 
what do they apply T 230. Do the laws proved by the table apply 
to gravity alone T 231. How do you calculate the distance through 
which bodies will fall by gravity in any given time, at any given 
distance from the surface of the earth f How far do they fall in the 
first second, at London f 223 ; and at the equator t and at the poles f 
224. How do you thence judge the height of precipices, &c.f How 
of the rate of sound T 234. 

Explain the laws which govern bodies moving against a uniform re- 
tarding force, 235, 236. What is said of the action of gravity on 
bodies moving horiiontally ? 237. 

What is the angular change of the direction of the gravity of the earth 
for each geographical mile T 238. Name the curve formed byprw- 
jectUee. Explain this curve in horizontal projections — ^239 ; and in 
oblique upward projections, 240. What is said of projection 
directly upwards? 241. Give additional demonstrations of the 
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oonfBi of upward projectiles, 242. Demoiutrate' the curve in pro- 
jections obliquely downward, 243. Describe the effects of gravity 
on fountains, &c., 244. What is said of the resistance of air to 
projectiles f 245. Describe Atwood's machine, 246, 247; and its 
application, 248. 

How can gravity and centrifuge force produce a satellite to a planet f 
249. Why cannot a projectile describe a spini around a centre o. 

. attraction 7 250» What forces retain the planets in their orbits, and 
how f 251. -Describe Kepler's law of equal spaces in equal times. 
Where is the common centre of the planetary revolutions f How 
is it proved that the orbits of all planets must be elliptical ? What 

- is said of comets T 252. 

^Of what use is the pendulum f 253. Demonstrate the resolution of 
the force of gravity on the inclined plane ? 254. State the seven laws 
of constant forces acting on bodies on inclined planes, 255. Ex- 
plain the law of descent along chords in a semicircle, 256. What 
is said of the descent of a series of inclined planes t 257. What of 
projection from them, and of cataracts f 258. Explain the law of 
descent along curves, 259. What is the law of ascent along curves f 
Eb[plain the motion of the pendulum, 260. Does weight affect mo- 
tion on inclined planes or the motion of pendula? 261. Explain 
and demonstrate its influence on pendula, 262, 263. Show the 
cause and nature of the eetUre of oscUlationf 264, 265. What is 
called the length of a pendulum t 265. What efiect has the distri- 
bution -of the weight of a pendulum to do with its beat ? 266» Why 
do the times of long and short vibrations differ f What effect has 
temperature on the beat f 267. What are eompenaating pendula t 
Describe one, 268. Describe the metronome and its uses, 269. 

Describe the generation of a eycUnd, 270. What are its chief proper- 
ties? 271. What is said of the accelerating force on a cycloid t 
272. Describe the eyeUndal pendulum^ 273. 

By what law does the length of a pendulum aflect its beatf 274. 
What length beats seconds f What length half seconds f What 
length triple seconds f 275. £]i9lain the application of the pendu- 
lum to the measurement of heights, local attraction, and the figure 
of the earth, 276. 
Of the Impact of Bodies. page 123. 

Define Impact^ 277. Explain its relations with weight and vdoeity. 
278. Explain the law of the communication and arrest of momen- 
tum, with examples, 279. 

Explain the effects of impact on momentum when bodies having 
equal and opposite mdmenta meet, 280 ; also, when the momenta 
difler, 281 ; dao, when the velocities are equal but the weights dif- 
fer, 282; also, when the momenta have the same direction,. 283; 
alto, when the bodies tmptnge obliquely f 284. Give arithmetical 
demonstrations of the foregoing questions, 285, 286. Give iVa v^c^ 
88* 
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rules for calc^ation, 287 ; and demoQstrate on tbe black-bond thu 
geometrical illustratioii, 288. How do you eatiiiiate the efiMl of 
impact when one of the bodies is hard and immoveable, 289» 

Giye examples of the eflects of impact modified by the peeoliar pio- 
perties of bodies, 290. Explain the experiment with a anow-baUi 
291 ; that of two boys plajring, 298 ; that of the anvil, 293 ; and tlMt 
of the Waterloo bullet, 294. 

State the effect of elasticity on impact, 295 ; give the iUnrtnUkMis 
with the hoop and the ivory ball, 295, 296 ; with the explanation, aoo 
the law deduced fiom them, 297. Explain the effect of the impact 
of two elastic bodies upon the momentum of each, 29& Describe 
the experiment with two elastic balls, 299. What -is said of the 
impact of elastic bodies on hard -bodies f 300. What of their impact 
on soft bodies? 301. Describe how the two elastic balls inter- 
change velocities, 302. Describe and explain the several experi- 
ments with a series of ivory balls, 303, 304.; also, that with a soft 
inelastic ball interposed, 305. EJxplun the effect of elasticity on 
the breaking of hard bodies, 306 ; and human bones, 307. State 
and explain the law of the reflection of elastic bodies, 308, 309. 
EquUibriitm and ihe centre of gravity-, - • • page 137 

What is the centre of gravity ? How is it found ? Why are bodies 
balanced when it is supported by suspension ? 310, 311. State the 
two practical conclusions, 312. When will a body remain at rest 
when propped from below, in the direction of the centre of gravity, 
and why t 313, 314. When is the* position of a gravitating body 
resting on a surface stable t Explain this by the inclined plane, 
315 ; by dandies and sailors, 316 ; by the stowage of a wagon, and 
a ship, 317 ; by a ball rolling up hill, 318 ; by the experiment of 
supporting a board by loading it with a weijght, 319 ; and by rope- 
dancers, 320. 

Explain the equilibrium of a system of two bodies of equal weight, 
321 ; and of unequal weight, 322, 323. Give an instance of sic- 
(Aanical advantage, 324. How do you measure distances of bodies 
from the centre of gravity of systems I 325. Explain the rule for 
determining equilibrium when the weights and the whole length of 
the system are known, 327. Also ; when both weights and the 
distance of one of them is known, 328. Also ; when the sum of 
the weights, the whole distance, and the centre are known, 329.* 
Also ; the rule for systems of many bodies ranged in a straight 
line, 330. What is said of the scale-beam ? 331. What of the 
steel-yard t 332, 333. What of angular balances f 334. Describe 
the quadrant balance, 335. How do you find the centre of com- 
plex systems? 336. What is said of the centre of gravity of 
irregular bodies? 337. Where is the centre of gravity in the 
sphere, circular and ellipticid tables, the cylinder and prisms ? 338. 
What is said about it, in bodies ranged about plain polygonal 
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* fipDrett 339, 340. Where » this centre in parallelopipeds f 341. 
^ Where is this centre in a line, or a space f 342. . 
K Wliat is meant by the centre of inertia t 343. Explain the effects on 
= the motion of systems, by forces applied there, 343, 344 ; and by 
ftrces , applied at a distance therefrom, 345, 346. Round what 
point will a system revolye relatively, when struck obliquely? 
347. Give the three laws governing the action of such forces, 348. 
Eqilatn and demonstrate the centre of epontaneoua revoZuftoit, 349, 
950l Is this centre alwajFs within the system f 351. Demonstrate 
oil the black-board the cycloidal motions of systems, 352. Give 
examples, froij^i the motion of missiles, &.c., 353 ; and from plane- 
tary bodies, 354. 

Ciiplain the necessity of the planetary revolutions, 335. Apply the 
same law to mundane affairs. Explain the experiment of the sus- 
pended poker, 357. What is said of pivots in machinery f 356. 

Cixplain the centre afperausioni 358. What has it to do with the 
form of mauls and hammers f 360. And with the coupling of 
machinery? 361. 
Cf tke^edumieal Fawert and Simple MaddneSf - - page 162 

What is the purpose of machinery ? What is called reetHemee, and 
what, power, in machinery ? 362. What is said of the direction of 
force in machinery f 363. Give examples. What is the purpose 
of mechanical advantage t Define and illustrate the centre of action 
in machinery. 364. 

Define the general law of momentum in machinery. 365, 366. What 
is said of the application of this law t 367. Explain the law of 
tima und power in machinery, 368. Illustrate it, 369. 

What are the two simple elements of machinery? 370. Illustrate 
the nature and use of the common lever, 371. Also, of those 
levers ctHed^wheets-and'Oxlei, 372. Also, of those called pulleys. 
What is a Hock t 373. Explain the nature of those inclined planes 
which are called screws, 375. Give examples. How is the screw 
often aided ? 376. Explain the inclined planes called the wedge, 
377. And its uses, 378. How many mechanical powers are there? 
Name them. How many are usually spoken of? Name them, 
379. What is said of measuring pressure and momentum ? (Not«). 
378. 

What is the difference between the lever and the balance ? What to 
said of the centre of action and the calculation of the mechanical 
advantage m levers ? 380, 381. 

£m>lain the nature and the law of equilibrium in levers of the first 
order, 383 ; and the second order, 384 ; and the third order, 385. 
Explain the laws of fulcral pressure in the three orders of levers, 
386. Prove that this division into orders is purely artificial, 387. 
Explain the law of equilibrium on combined levers, 388. 

De8crib0 the nature and use of bent levers, 389. How do we calcu- 
late their mechanical action when the powet and t««|lA»E^^ ^^ 



pvmllel in direction f 390. Dnaonstnte on ikm Uack-bovi Ai 
mctbod, vhen these forces «e not iMnOel. in atraj^ le^ecB, 991; 
and in bent leTen, 392. Stale the aouTeml law of the leicr, 9S. 
Explain its application to the hand-barrow. 39C. Give exampleitf 
▼ariooa leren and their mode of action, 395, 396. EzplaiD the 
baker's cart, 397; and other ^Fefaidea, 398. DemonBtrate the ippi- 
cation of the law of the IcTer to the atabilitj of ofcgects, 399; to 
the coach- wheelt 400 ; and to moTeable rocks, 401. 

Explain the Uver of indrfmiie p owe r or emgime of oiiifue mttiomy 401 

Explain to what order of levers the fixed pvQey bek>ngs ; what good 
purpose does it answer f 401. Explain the mechanical advintage 
of the moTcable pulley, 405. Explain it bj another method, 406; 
and by a third, 407. Explain the action of the system represented 
in Fig. 163, 408 ; and in the system of blocks, Fig. 164 ; md in 
the system of independent pulleys. Fig. 165. 

Explain the uses of the wheel and axle, 411. Also, its nsture woA 
laws of equilibrium, 412. Wherein does it difler most from the 
lever and pulley f Name some other machines acting like it, 413. 
Explain the differential wheel and axle, 414. What is the moet 
convenient mode of judging of the mechanical adTsntages of com- 
bined Bjrstems of wheels and axles t 415. Describe the tvvo chief 
modes of connecting or eouplimg wheels, 416. What is said of 
coupling by bands, chains, and cords f 417. What, of couplmg by 
cogsf What is an arbour t What, a piniamt What is said of 
judging the power of wheels by the number of cogs f 419. How 
do you calculate the power of systems of wheels by the law of the 
lever ? 420. How are wheels applied to the measurement of timet 
421. 

Explain the mode of determining the mechanical adTantage gained 
by inclined planes, by the resolution of forces, 423. Explain an 
apparent exception to the general law of momentum in machinery, 
424. Give the general rule for calculating the efllects of inclined 
planes when the direction of power is parallel to the plane, and 
when that of the resistance is perpendicular to the base, 425. How 
do we proceed when the forces act in other directions f 426. CKve 
examples of inclined planes and their action in nature and art, 427. 

Explain the height, base and length of the helix of a screw, 428, 429. 
How is the power of their inclined plane estimated T 429. How are 
power and resistance usually applied to the screw? 430, 431. Ex- 
plain the differential screw and its action, 432. 

What is said of the action of the wedge T 433. What, of the mode 
of calculating its effect ? 434. 

•••Witerf Machine»t page 196 

How is power transmitted to a distance by machinery t 435. 

Explain how vibratory, may be converted into circular motioni 437. 
^ may perpendicular, be changed into horizontal vibratory mo- 
How is alternate circular, chanisad'to vectitinear motion io 
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certain ship's pumps ? 438. How is continued circular, converted 
into alternate circular or rectilinear motion, and the reverse f EX' 
plain this by the steam-engine, 439, 440. Explain the use of fly- 
wheels in machinery, 443. What is said of the irregular action of 
combined machines ? 444. What is said of the fly-wheel in grist- 
mills and in steamboats f 444, 445. Why is it unnecessary in lo- 
comotive engines f 446. 
By what contrivance is the supply of motive power to machinery 
made to regulate itself? Explain the construction of the governor, 
447. Explain its action 448. 

CHAPTER III.— Phenomena of FLmns.— (P. 206.) 

Define physiea, 450 ; dynamical 451 ; «laltt», 452 ; meehanicti 453 ; Ay- 
drostaticst 455 ; hydrauliet, 456. What is said of hydrodynamka t 
{notet) 457. What property varies the application of djmamic forces 
to liquids f 457. Define pneumatics, aero-dynamicf, and aero'8totiea, 
458. What causes vary the application of dynamic laws to gases ? 
459;. Are the subdivisions of dynamics natural divisions f Ex- 
plain this question at length, 460. Do we know any limit to the 
expansibility of gases ? Give astronomical proof that the earth's 
atmosphere is limited. What is said of gasebus bodies in the hea- 
vens ? 461. What is said of the variable density of liquids and 
gases? 462. 

CHAPTER IV.— Htobostatics. 

Rwitf Preteuret •• page 211 

Have firiction and cohesion any thing to do with the equilibrium of 

liquids f 464, 465, 466. 
BtaJte and explain the law of the equality of liquid pressure in all 
directions, 467» 468, 469. State and explain the law that liquid 
pressure varies as the depth, 470, 471. Give an illustration from 
Fig. 182, 472, 473, 474. Another fiom Fig. 183, 475. Another from 
Fig. 184, 476, 477. What inference is drawn fivm liquid pressure 
on the bottoms of great lakes compared with that of narrow tubes f 

478. How do 3rou estimate the pressure on the sides of vessels f 

479, 480. Which sustains most pressure, a flood-gate two feet long 
by one deep, or a gate two feet deep by one in length, when both 
tovch the surfiwe f and which, when both touch the bottom of a re- 
sennnr f Where do we find the point of mean pressure ? 481. What 
is said of the caxuA of Panama? 483. What, of a bottle sunk at 
sea ? 4§4. What« of suddenly salting meat ? 485. 

E]q>lain the hydrostatic paradox, 486. Explain the pressure of co- 
lumns of water in narrow tubes upon that contained in confined 
reservoirs, 487, 488. What is proved by these fects? 489. De- 
scribe the Bramah press, 491 $ •iidits«ct¥m,4%%,K^\«A\«s<ti>A 
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estimate its power, 494; and eome of its effects, 495. How does 
fluid pressure affect the level of the surface of water f 496. 

Explain how water may support heavy metallic bodies, 498. Ezplaiii 
the law of support for floatiDg bodies, 499. When a body lighter 
than water is completely immersed in water, by how jnuch force 
will it endeavour to rise f How much weight does it lose f 500. 
If a body just as heavy as water is placed in water, how much 
weight does it lose ? 501. If 9 body heavier than water be im- 
mersed, how much weight does it lose ? fiy how niuch force does 
it sink f Give a general law for these facts, 502. Do the same 
principles apply to compressible fluids ? 503. State the law of fluid 
support in its most general terms, 504. 

How do you ascertain the relative weight of any body when compared 
with that of a given fluid 1 505. Explain the practical use of this 
calculation, .506. What is tpecijie grapity t 507, 508. What is its 
common standard? 509. Give the shortest possible definition of 
the term, 510. 

What eflect has speeific gravity on the arrangement of mechanical 
mixtures ? 511. Define medium. In what media do we commonly 
test specific gravity ? 512. Explain the experiment of making a 
cork sink in water, 513. Explain the. water-balloon, 514 ;. and the 

^ air-balloon, 515. When is man a water-ballooii f 516. How is 
specific gravity ascertained by measurement ! How, by the gra- 
duated bent tube, 518. How, by the weighing beam f 519. How, 
by Coates's steelyard? 520. How, in solids lighter than water? 
521. How, in liquids by measure ? 522. How, by the hydrometer f 
524. Of what use is the hydrometer in testing mixed liquids? 525. 
How do you find the specific gravities of gases ? 526. 

Explain the construction of the barometer, 528. Explain the range 
of the barometer, and its cause, 529. What has it to do with 
storms ? 530 ; and with our feelings ? 531. What is there in the 
top part of the barometer tube? 532. Describe the water-baro' 
meter, 533. 

Describe the common pun^, 534 ; and its action, 535 ; and the extent 
of its usefulness. 

Describe the common forcing-jmn^, and its action, 538. 

Describe the common air-ptmp, 539 ; and its action, 540, 541. 

Describe the structure and uses of eondensing-pumps, 542. 

What is said of double /oivtn^-ptiii^ f 543. 

What is the centre of huoyancy % Where is it found ? Why is it a 
variable point ? 545, 546, 547. Explam why and how shipa and 
boats recover their position when rocked by waves, 548, 549. Ex- 
plain the consequences of bad loading in vessels, 551. What has 
the law of the lever to do with these questions ? 552. 
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•CHAPTER v.— Hydkaulics.— (P. 249.) 

How does water flow from a long horizontal pipe ? How, when the 
pipe is turned up at its extremity ? 554. What is said of friction in 
long, narrow tubes? 555. Describe the toater ram^ 556. What 
efiect has the bending of tubes on the flow f 557. What law go- 
verns the empt3ring of vessels by gravity ? 558, 559. What eflect 
has a long straight tube beneath a vessel on the flow ? 560. Describe 
the height of jets from short tubes, 561. What law is deduced firom 
this f How are jets modified by aerial fHction f 562. Describe the 
eflects of emptying vessels by simple orifices in the bottom, 563. 

Describe the effects of the reaction of jets in propelling boats, 564 ; 
IB explosions of steam, 565 ; in Barker's mill, and in gas-pipes, 
566. 

Explain the efliects of atmospheric pressure on the escape of fluids 
firom simple orifices, 567. How does a short tube hasten the dis- 
charge? 568. Explain the action of the syphon, 569; and inter- 
mittent springs, 570; and a curious action of the hydrant, 571. 

What law regulates the impact of solids and liquids ? Give an illus- 
tration, 572. How does hydrostatic pressure increase the liquid 
resistance to a moving body ? 573, 574. Is this also true of aerial 
resistance 7 Give illustrations from the action of projectiles, 575 ; 
and from the swell rused by vessels, 576. What has the form of a 
body to do with the resistance to its motion in a -fluid f Give illus- 
trations, 577, 578, 579. 

Describe the formation of waves, 580. What gives to waves their 
progressive motion 7 Why do not waves interfere with each other 7 
582. When do two waves produce smoothness 7 583, 584. Are 
waves ever rectilinear t 585. Describe the effect of a pier on sea- 
waves, 586. What is said of the reflection of waves 7 587 ; of their 
height, 588 ; their bulk, 589 ; and their velocity 7 590. What ia 
said of the effects of general currents on theh* velocity 7 592. What, 
of currents in channels 7 What is a hore t 593. What is said of 
the effect of wind on their form f 594. What, of very powerful 
vnnda 7 595. Explain the effect of shoals on waves, the under-tow, 
and the ground-awdlt 596. Also, on coasts, the roUer and the 
breaker, 597. 

What are tides, and their cause 7 598, 599, 600. Why do the tides 
lag behind the moon 7 601, 602. What eflect has the sun 7 What 
are spring and neap tide* f 603. In what way do tides resemble 
waves 7 605. 

CHAPTER VI.— Pneumatics.— (P. 271.) 

What is the specific gravity of air at the surface of the seaf What 
is the relative denmty of steam to air at 212 degrees 7 What, the 
relative weight of oxygen; and what, of hydxo^eivX lAsr« xwa.^ 
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Mid of the abaorptiOD of heat by air f €29, €90. ^t**^ ^ fc^^ 
trial abaorpikm and radiation of dM aaii*o heat, €31 ; and iia eftct 
on temperature at great heighta, €32. 

Explain the great cauae of Yariation of climate, €33 ; and that of tbe 
aeaaona, 634. What ia aaid of the limit of eternal front in diftreat 
latitudea? 635. 

What ia the great canae of winda and tropical eafana f €36. What, 
their eflect on climate ? 637. Explain the canaea and ronte of trade- 
winda, 639. Of goata and atonna, 639. Of mooaoona and preti> 
lent winda, 640. Of whirlwinda and waterapouls, €41. Of the 
riae of the barometer during aome atorma, 642. Of land and sea- 
hreeiea, 643. 

What ia aaid of evaporation m vacuo, and of a watery atmoipheref 
644. What, of the expanaiye force of vapoura at diflerent tempen- 
lurimf 643. How doea Yapour permeate air? 646. State M. Dal- 
tMii'H diaruvery, 647. Explain the influence of temperature on the 
iMiiling-point, 648. What ia aaid of freezing by evaporation, and 
thtt evaporation from ice f 649. 

What effect would the abaenoe of wind produce on the moisture of 
tho air, (»n douda, rain, dLC. f 650. Describe the effect of an up* 
ward luirrt^nt in such an atmosphere, 651 ; that of a downward 
«'urreiit, Ti.VJ ; and that of equatorial and polar currents, 653. What 
iu thi« Actual condition of the atmosphere with regard to the distri- 
tiutiiin of moisture f 654. What effect has the exhaustion of air 
t>y thu air'pump on aerial moisture? 655. 

Explain the theory of dew, and the dew-point, 656, 657. 

KvpUiu the ittrmation of ordinary aummer clouds, 658, 659 ; that of 
hail and anow, 660 ; the influence of sea-fights and fires on stormff 
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661 ; the fbrmation of cloudy itrata at vanous elevations, 662 ; and 
the canae of the rainy aeaaon, 663. 
What is a hygrometer t Describe that of M. de Sauasurei 664. 

CHAPTER VIL— Acoustics ; or the Science of Soukd.— <P. 291.) 

Explain the nature of a jmUe of sound j 665 ; and the application of 
dynamic laws to its direction, 666. Describe the structure of the 
ear, 667. Of what nature are the causes of sonorous pulses ? Give 
examples, 668. How do they cause pulses in bodies on which they 
impinge t Give illustrations, 669. What happens to sound in rare 
media, and in vacuo ? 670. Is the ear necessary to hearing ? 671. 
What relation has sound to distance ? 672. 

Explain the reflection of sound, 673. Prove that the pulses of sound 
are regulated by the same laws that govern waves. How long does 
the impression of sound last ? Illustrate this. What causes the 
difl^rence between noise and a musical note? 674. Explain the 
nature of echo, and the- rolling of thunder, 675. Ebq>lain the nature 
of wkiepering gaUeriett 677, 678. Give examples, 679. Explain 
the reflection of sound in hollow spheres, 680 ; and along tubes, 681. 
. Give instances from juggling- tricks, 682. fixplain the speaking' 
trumpett 683 ; and the ear-trumpet^ 684. 

Explain the cause and production of musical tone, 686. Explain the 
relation of the beat of the pendulum to the vibrations of strings, 
688. How many vibrations per second are required to arouse the 
sense of hearing 7 How many can be separately recognised by the 
ear and eye f How many produce a clear musical note ? 689. Ex- 
plain the terms pitch, low, grave, hass, high, acute, in music, 690. 
Repeat the laws of relation between the length, tension and weight 
of strings, and the number of their vibrations, 691, 692, 693, 694, 
695.- 

Ejq>lain the nature of musical interval, the fundamental tone and its 
octaves, 696 ; that of concrete and discrete sounds, cadence in speech, 
song toii recitative, 697. 

Explain the nature of the division of the octave into notes. Name the 
notes, and the relative lengths of string and number of vibrations 
producing them. What is the entire range of human hearing? 
What is said of that of other animals ? 698. 

E«xplain the terms unison, concord, discord, 699 ; and musical chord, 
700. Are the intervals of musical notes positive or relative ? 701. 
Ebq)lain the terms gamut, diatonic scale, and chromatic scale, and 
key-note, 702. Explain the natural succession of major tones, minor 
tones, ttCkd semitones in the octave ; also the nature of sharps, flats 
and accordance in music, 703. Explain the nature of the key in mu- 
sic, 704. 

Explain the spontaneous division of vibrating strings, the formation of 
knots, and the grate harmonic, 705. Prove that the divisions of 
34 
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Whfi: 1^ n •«» nni. wha: n hmiK or jtemrtJ of ]i|>)it f 733. What il 
mran: b\ u vmiin n: lich: ' 7%t. Which hypoibesia has been 
ndoptf'ii am! w!i^ "!?.'.. Simr thp aonrcof of li^fht. 73S. 

Wh»: 1- thi vrlrtTJiv o: iiph; ? Hov waf it mlcnlaietd T 737. 

Rzplaii. ami iliiiMmtt ihi ^/rnrtion of iiphi. 7351. 739, 74a Explain 
ihi mpaniTif ni parallax. 741. 

Wiin; w- fvjf*rtff*ti of li^h: ■ T4£. 

Explain the rtitrrfHth o\ li^hi. and ii5 law. Give examples, 743. 

Explain th( phonomonn oi pnivrnhnf. T44. 745. Explain tho nature 
of jm-^wt. ttttal. nn«i annvlar er}ipM». and trantits. 

Exiilain tmHsparrmy. t^n^Jtumcv. epttcifv. 747, 74«l. Are these pro- 
pertiRf: vvciT prrfori ? Whm i? mpatir by tintftrjitiom of light f Gife 
fzxamplefi of thp trammtisBion of \\ph\ by bodiea called c^Mtque, 749i 
7M : and iti> ahmrption by transparrnt media. 750. 751. 

Hd rolours belong to bodies or to light ? 75'2. How are they ex- 
plained ? 753. l^liat alm'aye happcnf> to light when it reaches pon- 
derable bodies f 7.*^. Explain ihe formation of images by light 
paaaing through small openings in dark chambers, 655, 756, 757. 
f'atifj^ritttarthellrfitrtumqfZaght^ .... page 327 

IViiionstrate the angles of incidence and reflection on plane mirrors, 
701 ; on concave spherical mirrors, 762; on convex spherical mir- 
rors, 773. Explain the efiect of irregular mirrors upon a ray, 764 ; 
and the effect of perpendicular incidence, 765. 

KxpUin the oourse, after reflection, of parallel incident rays on plane 
■lirrors, 766. Also, of converging rays. Also, of the formation of 
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images by racfa minora, 767. Give additional pariiculara, 
768 ; and still others, 769. Explain the properties of virtual images, 
770. What is the course of diverging rays f 771. Explain how 
the eye sees images, 772, 773. 
Explain reilec^m of parallel incident rays from convex spherical mir- 
rors, 774. What is said of the principal focus, and of true foci f 
775. 
What is said of the course, after reflection, of rays incident on convex 
spherical mhrora, and of their foci ? 776. Demonstrate the formation 
of virtttal image$ by such mirrors, 777, 778. What is said of the 
eflects of distance on such images T 779. 
Explain the effects of reflection flx>m cylindrical convex mirrora, 780, 

781. 
Explain the eflects of concave spherical murors on parallel incident 
rays, and their actual focit 782. Also, on divergent rays and their 
camjugateftei, both real and virtnal, 783. Explain the formation of 
real imaget by such mirrora, 784. 
What is said of reflection from transparent surfaces ? 785. 
Dioptrics, or the Refraction of lAght, .... page 336 
Explain the probable cause of refraction, 787. What is the eflect of 
a transparent medium with parallel faces on rays passing through 
both faces ? 788. Does refractive power depend on density f 789. 
Demonstrate the general law of refraction, 790, 791. What hap- 
pens to rays having perpendicular incidence ? What is the index 
of refraction t 792. How does it vary ? What is its use t 793. 
What happens when rays leaye a denser for a rarer medium ? 794. 
Explain the nature and cause of total rejection, 795, 796, 797. 
Demonstrate the mode of finding the course of a ray, afler refraction, 

by curved surfiskces, by means of the index of refraction, 798. 
What is a lens ? Describe the varieties of lenses, 799. 
Describe the eflect of spherical lenses upon incident ra3rs and their 
foci, 800. What eflect has the index of refraction upon the focus f 
801. 
Describe the formation of the double convex lens, 802. How does it 
differ from the spherical ? Where is its focus for direct parallel 
rays r Where, for oblique ones ? 803. What is said of the distor- 
tion of oblique rays f To about what is the principal focal distance 
of a glass double convex lens equal f 805. Why do such lenses 
form burning-glassest 806. What are their effects on converging 
and diverging rays and their foci f 807. 
How do plano-convex difler from double-convex lenses ? 808. 
How do double-concave lenses compare with double-convex onesf 

o09. 
Explain the formation of images by lenses, 810. State the properties 
of such images, 811. How are their size and brightness influenced 
by the form of the lens f 812. How are they rendered visible in 
the air f 813. 
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"^ir**^ ^ magnilyiiig power of lenaet, 814. What wonld bo the 
etiuctui e of the amplest poeeible teleecopee f 815. 

y^lyin the Btmeture of the haman eye, and the mode in which it 
forms inrerted images. What optical instrument most resembles 
it f 817. Why most it adapt itself to the distance of objects f What 
efiects hsTS age and the form of the cornea on yision f How are 
these efiects partially remedied by art f 818. Why do we see in- 
distinctly at less than six inches distance f 819. How can we re- 
moTe this diflSculty f 8S0. 

What conatitiitee a scMpIe wueroictpe t what, a compound mkro$cope t 
what, an astronomical rrfrmeting tdotetpe t what, a terratrial tde- 
Ksjii or tf^gUtt t what, a r^/Uetmg tdeteope t and what, a reflect' 
mg wuermoeopet Describe the astronomical refracting telescope, 
881. Describe the fpy-glass, 822, 823. Describe Newton's reflect- 
ing telescope, 824. 

DMBonstrata the nature of tpkerieo i aierraiiom, 825, 826. How is 
this partly remedied by art f 827 ; and wholly by nature 7 828. 
Okrmmiin, sr the itnwifotiiim ^ligki, .... page 351 

Describe the solsr spectrum, 830. Elzplain it on the hypothesis of 
radiation, 833. What is said of the illuminating power of the sepa- 
rate rays, and of their limits f What was the Newtonian doctrine 
of the cofeured raya f What was Brewster's discovery f What 
h a p p en s wheneTsr light is refiracted f 833. Why do we so seldom 
•ee irideseent eoloors in refiracted light f 834. 

What is sttd of iuTisible rayat 835. 

What, on the nature and causes of dk nmat ie aberrationt 836, 837. 
What «re the struc tu re and uses of achromatic lenses f 837. 

DiBacribe the nature and causes of primary and secondary rainbows, 
838, 8S9, 840, 841. 
I)lMilltr;^nKitMi»ciidpsbrt8BltM, page 355 

What rliMBM of bodies possess single, and what classes have douiie 
r ^ fr mU i m f 84S. 843. Demonstrate the double refraction of Iceland 
wpmt, 844, 845. Explain what is meant by the poiarixaiion of 
%U, 846. 

CHAPTER IX.— EucnidTT.— (P. 357.) 

Define the terms oUetrk and mon-dedric, 847, 848. What are the 
properties of the agent producing such efiects, snd what is it called f 
What was FVanklin's discovery f 849. What is meant by conduct- 
on and non^comdweton of dedricity t 850. What are electroscopes 
and dectromHers t 851. Describe the pkh-haU doctrom^er, 852, 853. 

What is meant by opposite stotes of dectrieity t Describe the goU- 
leqf electrometer, 854. Describe its uses, 855. State the electrical 
hypothesis of Franklin. State the hypothesis of double fluid. 
Which is adopted in our descriptions f From which have we taken 
our terms ? 857. How does electricity difiose itself over conductors f 
^M, 859. Wbt infinenoe has the fbrm oC the cousiucust on >^v& viw. 
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CeMtly of the fluid in different places ? 860. What eflect has it on 
the spark and the striking disUmeet Explain the action of the 
lif^tninlf-rod, 861. What electric eflect follows the contact of dis- 
similar sabstances f 862. 

.What eflect follows the approach of a charged conductor towards an- 
other conductor, insulated and in the natural state t 863. Illustrate 
tiiis by aeeries of experimentSi 866 to 870. What appears to be 
proved by these experiments? 871. Why do two bodies, one of 
which is in the natural state and the other charged, attract each 
other f 872. What term is applied to this mode of electrizing bo- 
.dies by the proximity of charged bodies? Show the danger fol- 
lowing the electrized condition of the earth in thunder-storms, 873. 
Pypl^jn the eiperiment with two discs, charged with opposite elec- 
tridties, 874. What is said of the discharge of these discs ? 876. 
What is the effect of substituting a solid electric for the air in this 
experiment ? 877. What happens when only one of the discs is 
charged ? 878. What eflect has atmospheric moisture on electric 
experiments ? 879. How does air carry off electricity ? 880. 

Describe Naime's electrical machine, 881, 882. Describe its action 
under various circumstances, 883 to 886. What effect follows sub- 
stituting a cylinder of resin for that of glass 7 887. Elxplain the 
doctrine of the double current, 888. 

At what rate does electricity travel along conductors or through non- 
eondttctors ? 889. What route does it often take along crooked or 
narrow conductors? 890. What mechanical effect does lightning 
produce on air ? 891. 

£!jq>lain the Leyden vtoZ, 892, 893 ; and the dectrie hattery, 894. How 
are they discharged ? 895. What effects have they on the human 
body ? 

What is said of electricity eliminated by chemical changes and ani- 
mal organization ? 897. 

CHAPTER X,— Galtahism.— (P. 371.) 

Define Gralvanism, 898. Give the history of its discovery* 899, 900. 
What eflects follow the contact of dissimilar metals? How do 
acids aflect theur action ? 901. Explain the simple galvanic drclct 
902. 

How may this circle be extended ? How does it aflect taste ? 903. 
How may the circle be completed by a moistened thread ? 904. 

Describe the voltaic pUe and its poles, 905. What effect does the 
acid produce in the pile ? Describe De Zmc*8 pUe and its eflects, 
906. 

Describe the galvanic trough and its effects, 907. What is said of 
the nature of the galvanic fluid ? How are its effects varied by the 
aize and number of the plates ? 906. What is said of the produc- 
tion of light by galvanism ? 909. 

34* 
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CHAPTER XL— MAavsnnL^P. 375.) 

Bipbin the d^ of the magnetie needle, md ita cffdie ▼vutmi, 91L 
What ii waemA by dwmcJ wrkltMt t 913. How » Ae Medb 
■ftcted daring ■torms, ewthqn^es, the mmmm hmrmim. Ice. f 913L 

How doee eleetridty afleet the needle f What wm fennerly the doe- 
trine of the natwo of mvgnetiani f 914. 

What an b ar a nco a «e now known to poaac w magnetiBm f 91S. 

What waa Plo fca aor Ocrated'a d iaeoTeiy in relation to the electric 
natva of mvgiietiani f 916. What hae Hr. Fanday aeeomp&hed 
few the aeienee f 

DBacribe the efieeta of gatranie cnmnta on the magnetie needle, 917, 
918, 919. 

DBacribe the mode of m«gnetiiing ateel by the galvanic ennpent 
Ako, the mode of making permanent magnate of ateel by aimil« 
meana, and that of reforaiqg the polea, 990. 

Deacribe the mode of making temporary magnate of aoft kroB by the 
fihranie ewront, 981. How may magnetiam be made vae of in 
driving maehinery by cinmlar motion f 989. 

P Hacriba the mode of creating magnetiam al any required diatance, 
fcr the pnrpoee of acting on machinery, 983, 984, 985. 

Daaeriba and aiplahi the tUetrfmrngnttk aJam-ftsU, 986. 

DiMiilg tad tipkhi the tlaetn-magnatic telegraph, 987, 988, 989. 
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